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ABSTRACT 
Building on Shulman's (1986) theory ofpedagogical content knowledge that 
outlines distinct domains of teacher knowledge, technological pedagogical content 
knowledge (TPACK) has emerged as a framework for examining educational technology 
training in teacher preparation (Koehler & Mishra, 2008; Neiss, 2008; Shin, Koehler, 
Mishra, Schmidt, Baran, & Thompson, 2009). The research presented here examines the 
theoretical basis of TP ACK and describes the process of developing the Pre-service 
Teacher- Technological Pedagogical Content Knowledge Survey (PT-TPACK Survey). 
The PT-TPACK Survey is an instrument constructed to measure self-perceptions of 
TPACK in pre-service teachers completing a "Foundations of Educational Technology 
Course". The research focused on collecting evidence for the validity and reliability of 
the PT-TP ACK survey. A pilot study, understandability study, and expert review were 
conducted in early stages of the research. Exploratory and confirmatory factor analysis 
and reliability measures were analyzed after the survey was administered to 120 pre-
service teachers. The factor structure suggests a superior model fit, as did the goodness-
of-fit indices. The root mean square error of approximation (RMSEA) was equal to .013, 
and both the comparative fit index (CFI) and non-normed fit index (NNFI) were ~ .90 
v 
(CFI = 1.0, NNFI = 1.0). Internal consistency between the individual factors was also 
strong. The resulting coefficient alpha statistics suggest instrument reliability (TPACK, 
a = .903; TPK, a = .844; PK, a = .771; CK, a = .774; TK, a = .747; PCK, a = 
.653). Six of the seven widely accepted hypothesized TPACK dimensions emerged in 
the factor structure. Technological content knowledge (TCK) was the only hypothesized 
dimension that did not emerge. Finally, this study recommends several reasons for the 
lack of the TCK dimension, some of which could have an impact on how teachers are 
trained to use technology. 
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CHAPTER ONE: THE PROBLEM 
Introduction 
The 1983 federal report A Nation at Risk declared all high school graduates should 
understand and be able to use computer technology (National Commission on Excellence 
in Education, 1983). Almost twenty years later, the No Child Left Behind Act of 2001 
reiterated these recommendations for technology instruction, but instead suggested that 
students be technologically literate by the end of eighth grade (Elementary and Secondary 
Education Act, 2001). In 2009, the United States government included federal funding 
for continued support of the Enhancing Education Through Technology program as part 
of the American Recovery and Reinvestment Act. This program included $650 million to 
support educational technology programs (Davis & Manzo, 2009). Culp, Honey, and 
Mandinach (2005) state such a "level of emphasis placed on educational technology in 
the legislation reflects a growing consensus among educators and the public at large 
about the importance of technological literacy" (p. 208). The National Educational 
Technology Plan ~010 (U.S. Department of Education, 2010) reiterates the criticality of 
an emphasis on educational technology. The report states, "Just as technology is at the 
core of virtually every aspect of our daily lives and work, it is central to implementing the 
model of 21st century learning in this plan" (p. 3). 
State and national standards have expanded to include technology-specific 
components. Education Week's Technology Counts 2009 (2009) report claims that, at 
the time the report was published, in late March, 2009, all states except the District of 
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Columbia bad adopted standards detailing what students should know and be able to do 
with technology. Expenditures on and access to technologies have increased. According 
to Franklin (2007), the United States government has spent over $38 billion equipping 
classrooms with hardware and Internet access. More students and teachers than ever 
have access to computer technologies in school. Technology Counts 2010 (Education 
Week, 2010) report consolidated district-level data provided from the U.S. Department of 
Education. The mport concludes that 47% of elementary students and 53% of secondary 
students bad access to online curricula, 30% of elementary students and 46% of 
secondary students were presented with opportunities for distance learning over the 
Internet or videoconferencing, and 62% of elementary students and 83% of secondary 
students offered access to electronic storage space on a server. The report also claims 
that 87% of elementary school teachers and 95% of secondary school teachers have 
access to electronic administrative tools, and 82% of elementary teachers and 83% of 
secondary teachers are offered server space for posting their web pages or class material. 
The 2010 National Educational Technology Plan (NETP) produced by the U.S. 
Department of Education (2010) states that technology is critical to addressing the needs 
of a changing society. Otero, Persessini, and Meymaris (2005) report expectations that 
young adults entering the workforce are to be technology-literate are increasing. These 
changing needs require 21st century skills. Twenty-first century skills are typically 
identified to include critical thinking, problem solving, communication, collaboration, as 
well others such as creativity and innovation skills, information, media and technology 
skills, and life and career skills such as flexibility and leadership (Partnership for 21st 
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Century Skills, 2010). The NETP (2010) states, "Technology and the Internet have 
fostered an increasingly competitive and interdependent global economy and transformed 
nearly every aspect of our daily lives- how we work; play; interact with family, friends, 
and communities; and learn new thingsn (p. 4). The report also suggests that the United 
States' leadership in the global economy depends on how well young people know how 
to use technology. 
The U.S. Department of Education's NETP model (20 1 0) calls for a renewed focus 
on better preparing new teachers to use technology in innovative ways. Technology-
skilled students need technology-skilled teachers. The NETP suggests that although some 
pre-service teacher education programs are using technology in innovative ways, 
"widespread agreement exists that teachers are by and large not well prepared to use 
technology in their practice" (p. 60). Other recent research has also suggested teachers 
remain largely unprepared to make use of technology in the classroom (Culp, Honey, and 
Mandinach, 2005; Guha, 2000; National Center for Educational Statistics, 2000; Strudler, 
N., Heflich, D., & Anderson, D., 2001). Recent research on one-laptop initiatives 
proposes that other reasons are also to blame. These causes include scarce in-service 
professional development, inadequate teacher buy-in, insufficient teacher involvement in 
the technology decision-making, frequent technical issues, and teacher's pedagogical and 
technology beliefs (Donovan, Hartley, Strudler, 2007; Grimes & W arschauer, 2008; 
Mouza, 2008; Apple Computers, 2005). Despite the discrepant reasons for lack of 
technology proficiency in teachers, researchers do agree that teacher training has had an 
impact on how technology is integrated into teaching and learning today (Barrack, 2005; 
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Strudler, Archambault, Bendixen, Anderson, & Weiss, 2003; National Center for 
Educational Statistics, 2000). 
Critics have long argued that much of the technology purchased for use in the 
classroom goes unused because teachers lack time and technical skill to make use of the 
technology (Cuban, 1986, 1991). Schools, colleges, and departments of education 
(SCDEs) "do not provide future teachers with the kinds of experiences necessary to 
prepare them to use technology in their classrooms" (Moursund & Bielefeldt, 1999, p. i). 
Building on Shulman's (1986) theory of pedagogical content knowledge that outlines 
distinct domains of teacher knowledge, technological pedagogical content knowledge 
(TPACK) has emerged as a framework for including educational technology training in 
teacher preparation (Niess, 2008). Whereas Shulman defines pedagogical content 
knowledge as subject matter knowledge for teaching, TPACK adds technology to the 
construct and represents the "interaction of content, pedagogy, and technology 
knowledge" (Koehler & Mishra, 2008, p. 17). TPACK is a concurrent consideration of 
subject matter and teaching strategies combined with knowledge of how technology can 
effectively facilitate learning. It is comprehensive teaching knowledge that includes the 
integration of pedagogy, content, and an understanding of how technology can be used to 
support instructional objectives and content goals (Neiss, Lee, & Kajder, 2007). TPACK 
can also be used to represent a teacher's knowledge of how their students think and learn 
about a specific content area with technology. In a case study of teachers introduced to 
Geometers Sketch Pad, Shaffer (2008) noted a significant shift in teaching practices 
exhibited by the classroom teacher, and referred to these new practices as "TPK [sic] 
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procedures" (p. 38). Shaffer commented that, "The ability to successfully design and 
independently facilitate the teaching of a discovery-based lesson with [Geometers Sketch 
Pad] is clearly an indication of a knowledge base found in the intersection of 
technological knowledge" (p. 40). In his study, he reports that teachers can demonstrate 
TPACK in the classroom when "grouping students, creating an equitable participatory 
learning environment, monitoring student understanding of instruction, providing 
efficient printouts of student work, and facilitating instruction" (p. 38). 
A study on adventure learning and geospatial technologies like Google Earth also can 
be used to understand TPACK in practice. Researchers found that the technology 
assisted learners in developing a sense of place through authentic preexisting data and 
newly acquired data (Doering & Veletsianos, 2007). Researchers propose that the 
technologies and pedagogies employed provide opportunity fpr co-construction of 
knowledge, motivated students, and facilitated learners in understanding the geography of 
a region. TPACK is having an awareness and knowledge of these types of effects on 
instruction, learning, and classroom management. In this specific case, the authors refer 
to this very specific type of teacher knowledge as geographical technological pedagogical 
content knowledge, or G-TPACK (p. 223). 
A well developed TP ACK means that a teacher has the necessary understanding of 
how technology can support subject matter learning, and could develop teachers that are 
"better prepared to identify technological uses across their profession, including use of 
technology by the children they are teaching" (Hughes, 2004). TPACK is a framework 
that could be used to structure technology instruction to new teachers and help them "to 
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make sense of technologies as they are embedded in the messiness of the teaching and 
learning process" (Wetzel, Foulger, & Williams, 2008). 
To better understand how TPACK can be fostered among teachers, educators 
need a reliable instrument to measure it. Such an instrument could provide insight into 
strengths, shortcomings and needed improvements in a school, college, or department of 
education's curriculum and student teaching experience. 
Statement of Purpose 
This research examined the theoretical basis of technological pedagogical content 
knowledge and developed a Pre-service Teacher Technological Pedagogical Content 
Knowledge Survey (PT-TPACK Survey). The PT-TPACK Survey measures self-
perceptions of TPACK in pre-service teachers. 
The two main purposes of this research were to: 1) Analyze the constructs of 
TPACK to build a better understanding of the different domains of teacher knowledge it 
addresses, and 2) develop a validated, reliable instrument that measures pre-service 
teachers' perceptions of their own TP ACK. 
Data collection for this study focused on collecting evidence that could be used to 
validate the PT-TP ACK instrument. Chapter two presents a review of the literature on 
educational technology in pre-service teacher education, technological pedagogical 
content knowledge, and the process of instrument development. Chapter three presents 
the methodology employed for developing the PT-TP ACK survey, collecting data from 
its use, and analysis of its validity. Chapter four presents findings from data collecting 
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during instrument development. Chapter five presents discussion of the results, 
implications, and limitations. 
The Research Questions 
This study examined the TP ACK framework as it applies to teacher education and 
developed a validated instrument, the PT-TPACK Survey, to measure pre-service 
teachers' perceptions of TP A CK. 
This study addressed the following research questions: 
1. What are the underlying dimensions of the PT-TP ACK Survey? 
2. Do the PT-TPACK Survey items reliably measure the seven constructs 
presented by Mishra and Koehler in describing TPACK? 
Answering these questions could provide a deeper understanding of TP ACK and 
the widely accepted hypothesized TP ACK dimensions. In addition, this study could help 
better operationalize TPACK, providing researchers and practitioners a deeper 
understanding of how to integrate it into teacher education. The resulting validated and 
reliable survey has potential to be to assess perceptions of TP ACK. Further, the 
instrument could be employed as a diagnostic tool useful both formatively and 
summatively in program evaluation to measure perceived strengths and deficiencies in 
technology integration in teacher education programs. 
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CHAPTER TWO: REVIEW OF THE LITERATURE 
Introduction 
In a review of educational technology policies over the past 20 years, Culp, 
Honey, and Mandinach (2005) report that one key theme to emerge is that, "the ebb and 
flow of practitioners' needs and challenges" is a guiding force in technology integration 
(p. 303). The second theme to emerge is that there exists a need for a better 
understanding among researchers and policymakers of the systemic nature of change in 
technology integration. Teachers integrating technology are faced with both perennial 
needs, as well as new and unique challenges that arise with each new educational 
technology innovation. This literature review addresses how schools, colleges, and 
departments of education (SCDEs) meet these needs and challenges during the 2000-
2010 timeframe. This includes examining the thinking on why teachers are trained to use 
technology, what it is teachers need to know about using technology effectively in 
teaching, and how teachers are trained to use technology. The concept of technological 
pedagogical content knowledge (TPACK), how TPACK is used as a framework for 
evaluating technology integration and teacher training, is also addressed. Further, the 
process of developing a scale to measure an observed phenomenon like TPACK is also 
examined. 
The Current State of Technology in Teaching and Learning 
Ertmer (1999) provides a theoretical outline of the barriers to technology integration 
in schools. She described first-order barriers as related to resources and equipment, and 
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second-order barriers as intrinsic to teachers. Second-order barriers are often rooted in 
the teachers' beliefs. She claims, "second-order changes confront fundamental beliefs 
about current practice, thus leading to new goals, structures, or roles" (p. 2). This 
includes teacher's beliefs and perceptions about technology (Ertmer 1999, Lim & Khine, 
2006; Martin & Shulman, 2006). Lim and Khline (2006) identified both teachers' 
preference for traditional teacher-centered lessons and the perception that technology is 
nothing more than a "novelty" in the classroom as two barriers affecting classroom 
technology integration (p. 115). How well the technology fits with the teacher, the 
curriculum, the school, and teaching culture is related to how effective the technology is 
at supporting teaching and learning. Ertmer (1999) suggests that technology training 
must engage, "participants in the same types of projects (and using the same types of 
applications) that they are encouraged to use in their own classrooms" (p. 11). Historical 
analysis of educational technology suggests that technology integration works better 
when it is perfectly tailored to the teacher's needs (Cuban 1986, 2001; Ertmer 1999). 
Teacher involvement in decision-making regarding instructional technologies such as 
film, radio, and television, has been shown to strongly influence the prod~ctivity of the 
use of technology in the classroom (Cuban, 1986, 2001). Film, radio, and television were 
repeatedly pushed onto educators without their input. With these technologies, Cuban 
(1986) states that," ... teachers were seldom consulted or involved in the early stages ... " 
with these technologies (p. 36). He claims that while many of these technologies were 
predicted to revolutionize teaching and learning, policymakers and nonteaching reformers 
viewed teaching as a simple mechanical process that included transmitting knowledge to 
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students. Saettler (1990) cites many projects and research studies such as those in 
America Samoa where teachers were ignored in the adoption process and had little to no 
input regarding implementation. The failure to include teachers in the design of 
technology resources often resulted in the failure of the technology itself. As a result, 
Cuban (1986) suggests, "Views of teaching and organizational compliance ill-fitted to 
schools and classrooms married to feckless strategies aimed at coercing teachers to use 
the innovation explained limited use of the new technologies" (p. 56). 
Resource constraints are additional considerations that impact the use of technology 
for teaching and learning. This includes the large demand technology integration can 
place on teachers (Mumtaz, 2000; Pelgrum, 2001). Time, resources, technical support, 
and professional development opportunities are frequently scarce. Cuban, Kirkpatrick, 
and Peck (2001) report that this includes insufficient time for teachers to plan instruction 
and to become familiar with the new technology. Ertmer (1999) suggests that adequate 
professional development and support is also important for ensuring effective technology 
integration. She states, "Reflection is facilitated by providing continual time for teachers 
to interact with knowledgeable others and to share developing ideas via professional 
development activities (virtual or real-time)"(p. 9). This includes amount and quality of 
technical support (Cuban, 1986; Mumtaz, 2000; Strudler & Wetzel, 2001). Saettler 
(1990) suggests that flexibility is an important component of effective instructional 
technology (Saettler, 1990). Mumtaz (2000) states that flexibility can refer to the 
adaptability of tools that "can be shaped by teachers or learners to suit their needs; such 
as word processors, desktop publishers and databases" (p. 3). 
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The Training of New Teachers to Use Technology 
Poor quality teacher training and lack of attention to new teachers' needs remain 
some of the most widely accepted explanations for low effectiveness of technology in 
education (Cuban, 1986, 1991; Mumtaz, 2000; National Center for Education Statistics, 
2000). Research recommends that improved teacher training on technology education 
will play an important role in improving the use of instructional technology in schools. 
In the National Center For Education Statistic's 2000 report, among the reported key 
findings was that, "Teachers' preparation and training to use education technology is a 
key factor to consider when examining their use of computers and the Internet for 
instructional purposes" (p. iii). 
Strudler, Archambault, Bendixen, Anderson and Weiss (2003) found that technology 
education in teacher preparation often involves one or a combination of the following 
components: 1) educational technology courses, 2) integration of technology into 
methods and other content courses, and 3) integration of technology during the field 
placement. The most traditional model is based on the single educational technology 
course (Lawless, et al., 2000). However, research suggests that a teacher preparation 
curriculum relying on educational technology courses alone is not sufficient (Clift, 
Mullen, Levin, & Larson, 2001; Lawless, et al., 2003; Moursund & Bielefeldt, 1999; 
Strudler, et al., 2003). Moursund & Bielefeldt (1999) state that to increase teachers'-
proficiencies with technology integration, "IT instruction should be integrated into other 
courses and SCDE activities, rather than being limited to standalone courses" (p. 23). 
This claim does not discount the importance of a standalone technology course embedded 
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within a teacher preparation curriculum. Instead it highlights the importance of a 
standalone course embedded within a teacher preparation curriculum in which 
instructional technology is infused across the curriculum (Clift, et al., 2003). This may 
require a cultural shift within a teacher preparation program. Bryzcki and Dudt (2005) 
found that the culture and tradition of teaching has lowered the effectiveness of 
technology integration instruction in teacher preparation programs. Traditionally, 
technology proficiencies have been taught in dedicated techn0logy courses. They 
recommend that the traditional approaches embedded within the school culture, "did not 
help new teachers fully understand the potential impact of technology on learning" (p. 
623). However, they report that there is a general shift toward a more integrated, infused 
curriculum. Technology is embedded across the complete curriculum. They state, 
"many students now experience the use of technology not only in dedicated instructional 
technology courses but also in other courses 11 (p. 623). They also report that when 
instructional technology is integrated into field experiences, it is possible to, "enrich 
observations and field experiences, expanding the range of observations that could occur, 
making it possible to see technology use in the classroom, and enabling student teachers 
to share insight" (p. 627). In the Teachers as Website Developer program, Whittier 
(2009) found that a unique reciprocal relationship could develop between pre-service 
teacher and cooperating teacher when technology and website development is a focal 
point of the field experience. Data from the study suggests that the pre-service teacher 
begins to step into the role of an educational technologist working closely with a 
classroom teacher on technology integration. Whittier suggests that, "This means that 
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they are helping their supervising teacher and his or her students to achieve their learning 
objectives rather than serving students in their own classroom" (p. 2188). 
Collier, Weinburgh, and Rivera (2004) studied the effectiveness of a technology 
infusion in an initial certification program for early childhood and elementary teachers. 
The study focused on the types of technology skills prospective teachers should acquire 
before completion of the teacher preparation program. The authors claim a unique part of 
their-teacher preparation program is, "the general absence of stand-alone technology 
courses, in favor of total integration of technology into other courses" (p. 449). Content 
and methods faculty reinforced technology integration through demonstration and 
modeling and opportunities were provided for the pre-service teachers in the program to 
build lesson plans and implement technology-infused teaching. Faculty continued to 
model integration of technology by requiring students to videotape one another for peer-
review, using technology, "to aid in the creation of developmentally appropriate lesson 
plans for children in grades K-5" (p. 464). Results from the study suggest that all pre-
service teachers gained technology skills, and in several areas of technology use students 
reported their status at the highest level of proficiency. In a quantitative study of what 
factors influence elementary school teachers to integrate technology, Franklin (2005) 
reiterated the importance of faculty members modeling technology integration in methods 
courses. Franklin states, "The findings indicated that curriculum integration of 
technology into methods courses significantly influences curriculum integration into the 
elementary classroom" (p. 283). 
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Focus on teaching computer skills still remains important, though. In their study of 
training Head Start teachers to integrate technology, Chen & Price (2004) learned that 
teachers require effective professional development and adequate classroom support to 
become proficient technology integrators. The authors claim that technology integration 
education in teacher preparation tends to be brief and does not provide enough time for a 
pre-service teacher, "to master basic computer skills and learn how to integrate 
educational software with classroom activities" (p. 399). 
Russell, et al. (2003) argue that teacher educators must plan for and build 
opportunities where teachers can acquaint themselves with technology. They must also 
experience the positive effects technology has on teaching and learning. New teachers 
entering the profession need opportunities to develop positive beliefs about "the use of 
technology in a wide variety of ways" (p. 309). 
Dexter and Riedel (2003) claim providing "opportunities" for technology 
integration is the overarching goal of their study on the design of pre-service teacher 
educational technology preparation. The authors make clear that the Ed-U-Tech project, 
funded by a U.S. Department of Education "Preparing Tomorrow's Teachers To Use 
Technology" grant at the University of Minnesota, was conceptualized with a 
constructivist model of learning in mind. They argue that pre-service teachers must be 
provided the necessary opportunities required to develop their own understanding of 
technology integration. The authors claim that, "We saw pre-service teachers' 
opportunities to practice designing and delivering technology-integrated instruction as 
key for helping them construct their understanding of technology as a support to 
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pedagogy" (Dexter & Riedel, 2003, p. 335). The project worked toward integrating 
technology across the entire pre-service teacher curriculum. Instruction focused on a 
continuous perspective on technology integration that extended from the required 
technology course through the methods courses to student teaching. 
Technology-infused field experiences are one such way these opportunities can be 
provided to new teachers (Dawson & Dana, 2007; Strudler & Grove, 2001). Dawson and 
Dana (20Q7) conducted an exploratory study to examine whether engaging in teacher 
inquiry during student can promote conceptual change in pre-service teachers. According 
to the authors, teacher inquiry, "focuses on the concerns of teachers (not outside 
researchers) and engages teachers in the design, data collection and interpretation of data 
around their questions" (pg. 657). The authors suggest, "The field placements provide a 
place where prospective teachers often experience dissatisfaction or cognitive conflicts 
between what they believe and what they are experiencing" (pg. 664). They also state 
that, "the field placements provide a context that is personally relevant to prospective 
teachers. They have a stake in the outcome of and are emotionally involved i'n the 
experience and are interested in the topic" (pg. 664). To achieve these outcomes, the 
field experiences should support "high levels of engagement" in the teacher inquiry 
process (pg. 664). 
Other researchers conclude the practice of mod~ling by content and methods 
instructors are critical components of effectively preparing teachers to integrate 
technology (Alghazo, 2006; Dexter, Doering, & Riedel, 2006). Strudler, Heflich, and 
Anderson (2001) claim that both professional development for faculty and follow-up 
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support "are critical to achieve widespread technology integration" in a SCDE (p. 3). In 
their study of their own college of education, they found that more "than half of the 
faculty do not integrate technology in their teaching" (p. 2). 
In attempts to appropriately model the use of technology-based resources, teacher 
preparation programs are turning to online resources to provide content. The University 
of Dayton used Public Broadcasting Company's (PBS) online professional development 
program to help teachers develop skills in infusing technology into teaching and learning. 
The program, called TeacherLine, is comprised of a series of online modules specifically 
designed and built to support teachers "in developing new skills in technology-enhanced 
learning" (Row ley, Dysard, & Arnold, 2005, p, 1 07). The modules were infused across 
the teacher preparation curriculum, and a curriculum integration matrix was developed to 
represent exactly how each module aligned with each course in the teacher preparation 
program. For example, Teaching Reading Through Literature course was aligned with 
the TeacherLine module "Children's Authors on the Web" (p. 111). 
A supportive environment complete with feedback is another crucial component for 
effective technology integration (Judge & O'Bannon, 2007; Strudler & Wetzel, 1999). 
Pre-service teachers need adequate access to technology support resources from both the 
teacher preparation program and their field placement. Support needs to be for both 
instructional and technical issues. Faculty members in the teacher preparation program 
must also have adequate support resources at their disposal (Strudler & Wetzel, 1999). 
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Construct Development: Technological Pedagogical Content Knowledge 
Shulman (1986, 1987) describes teacher knowledge as the integration of three 
dm:tmins: specific content knowledge, curricular knowledge, and pedagogical content 
knowledge (PCK). PCK requires balance among these three domains of knowledge. A 
teacher's understanding of the content, a teacher's understanding of pedagogy and the 
curriculum, and knowledge of how the content and pedagogical knowledge can be 
blended together into an understanding of teaching that particular content area. 
When considering educational technology integration, a new layer is added to the 
framework. A teacher must have a strong understanding of subject matter and teaching 
strategies combined with knowledge of how technology can be leveraged to-increase 
opportunities for interaction with content and ideas. This combined understanding is 
TPACK. TPACK is the interaction of knowledge of how to teach, what to teach, and 
how to do so with the use of technology. Swenson, Roz~ma, Young, McGrail, and 
Whitin (2005), state that TPACK, "involves asking how technology can support and 
expand effective teaching and learning within the discipline, while simultaneously 
adjusting to the changes in content and pedagogy that technology by its very nature 
brings about" (p. 222). 
Analysis of current literature led to the development of seven constructs related to 
' TPACK. To develop an instrument to assess perceptions of TPACK in pre-service 
teachers, the individual dimensions ofTPACK must be operationally defined. These 
constructs are pedagogical knowledge, content knowledge, technology knowledge, 
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pedagogical content knowledge, technological content knowledge, technological 
pedagogical knowledge, and in sum, technological pedagogical content knowledge. 
Pedagogical Knowledge 
Pedagogical knowledge is knowledge of "the collected practices, processes, 
strategies, procedures, and methods of teaching and learning. It also includes knowledge 
of the aims of education and instruction, assessment and evaluation, and student learning" 
(Koehler & Mishra, 2005, p. 3). Pedagogical knowledge is defined as the application of 
pedagogical strategies not specific to educational technology like scaffolding, motivating 
students, and checking for understanding (Angeli and Valanides, 2005, p. 294). 
Technology Knowledge 
Technology knowledge is knowledge of modem technologies defined in the early part 
of the 2r1 century as computers, the Internet, digital video, as well as more commonplace 
technology like blackboards and books (Koehler & Mishra, 2005, p. 3). Knowledge of 
educational technology is defined as knowledge of the hardware and ability to 
troubleshoot it when technical issues arise (Angeli and Valanides, 2005, p. 294). Using 
the fluency of information technology (FITness) framework as proposed by the 
Committee of Information Technology Literacy of the National Research Council (1999), 
Koehler and Mishra (2008) define technology knowledge as a developed technology 
literacy where persons can broadly apply technology to their everyday lives, and 
recognize wher~ technology can assist or impede achievement of a goal (p. 15). 
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Content Knowledge 
Content knowledge is knowledge about the subject matter that is to be taught 
(Koehler & Mishra, 2005, p. 3). Shulman (1986) defines content knowledge as "the 
amount and organization of knowledge per se in the mind of the teacher" (p. 9). Content 
knowledge is knowledge of the facts, concepts, and structure of a subject area, as well as 
the ways in which truth and falsehood, and validity and invalidity within that content 
area, are established. Acquiring content knowledge means having the Gapability to define 
for students the accepted truths of a content domain, and to be able to explain why 
something is worth knowing and how it relates to other content areas (Shulman, 1986). 
Pedagogical Content Knowledge 
Pedagogical content knowledge emphasizes the connections between pedagogy and 
content. It is knowledge of pedagogy applicable to a specific content area (Koehler & 
Mishra, 2005). This also includes knowledge of pedagogical methods, knowledge of the 
challenges any given content area presents, as well as an understanding of students' 
preconceptions and misconceptions regarding a specific content area. Expertise in a 
particular area involves more than problem-solving skills and knowing the content 
(Bransford, Brown, and Cocking, 2000). A teacher also needs an enhanced 
understanding of how the content relates to students' knowledge. This includes 
anticipating what types of questions and problems they most likely will encounter. 
Pedagogical content knowledge also includes knowledge of what makes certain topics 
easy or difficult to learn. According to Shulman (1986), pedagogical knowledge is 
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knowledge of "the conceptions and preconceptions that students of different ages and 
backgrounds bring with them to the learning of those most frequently taught topics and 
lessons" (p. 9). If the misconceptions are detected, a teacher needs the knowledge of 
which strategies will be most helpful in "reorganizing the understanding of the learners" 
(Shulman, p. 10). These strategies include critical reflection on and interpretation of the 
subject matter by the teacher, multiple representations of the material in the form of 
analogies, examples, demonstrations, and other classroom activities, adaptation of the 
material to the students' abilities, prior knowledge, and preconceptions, and tailoring of 
the material to those specific students to whom the material will be presented and taught 
(Cochran, DeRuiter, & King, 1993, p. 263). Applying a general knowledge of teaching 
and pedagogy to a particular subject area is not sufficient. Expert teachers differ from 
novice teachers because they have attained this deep level of understanding. They know 
the epistemological structure of the content. Expert teachers know how to use this 
understanding to structure the learning experience appropriately and to assess their 
students' progress. 
Kennedy (1999) uses the comparison of the importance of expert knowledge versus 
craft knowledge to provide an alternative illustration of PCK. She claims that one of the 
primary arguments against the need for teacher preparation programs is that teaching is a 
craft, not a science. She claims that many argue that the, "formal, propositional 
knowledge that is developed and taught in education programs does not, and cannot, 
contribute to the dynamic, situated, and idiosyncratic practices of teaching" (p. 41). She 
further argues that a balance should be struck between teaching pre-service teachers both 
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expert knowledge, or knowledge derived from formal investigations and is agreed upon 
by the professional community, and craft knowledge, or knowledge that is private, 
dynamic, and "tied to actions and developed through active experiences" (p. 41). This 
type of teacher knowledge is reminiscent of Shon's (1983) reflection-in-action, and 
represents a teacher's ability to anticipate student questions and misunderstandings, and 
to adapt to their needs. 
Technological Pedagogical Knowledge 
Technological pedagogical knowledge is an understanding of the application of 
technology without reference to a specific content (Cox, 2008, p. 16). It is a careful 
understanding of how teaching and learning transforms when technologies are used 
(Harris, Koehler, & Mishra, 2007; Koehler & Mishra, 2008, p. 17). It is knowledge of 
how technology can support specific pedagogical goals and objectives (Koehler & 
Mishra, 2005, p. 4). For example, TPK can be exhibited by knowing how to effectively 
use a digital camera in the classroom or knowledge of effective online teaching (Cox, 
2008, p. 17). An important part o~ technological pedagogical knowledge is developing a 
creative flexibility with the learning tools available and how to repurpose them for 
specific pedagogical reasons (Koehler & Mishra, 2008, p. 17). Teachers need to "look 
beyond the immediate technology and 'reconfigure it' for their own pedagogical 
purposes" (p. 17). Technological pedagogical knowledge requires a creative and open-
minded perspective on how technology can be used to improve student learning and 
understanding including, as Koehler and Mishra state, "knowing the pedagogical 
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affordances and constraints of a range of technological tools as they related to 
disciplinary and developmentally appropriate pedagogical designs and strategies" 
(Koehler & Mishra, 2008, p. 16). 
Technological Content Knowledge 
Technological content knowledge is knowledge of how subject matter is transformed 
by application of particular technology (Koehler & Mishra, 2005, p. 4). The choice of 
technologies affords and constrains the types of content ideas that can be taught. For 
example, an animated simulation may be useful in teaching science concepts like 
molecular structures, but might not be useful in teaching language arts concepts like 
grammatical rules. Additionally, certain content decisions can limit the types of 
technology that can be integrated. "Technology constrains the types of possible 
representations but conversely affords the construction of newer and more varied 
representations. Furthermore, technological tools can provide a greater degree of 
flexibility in navigating across these representations" (Koehler & Mishra, 2008, p. 16). 
Technological Pedagogical Content Knowledge 
TPACK is knowledge that includes pedagogical reasoning integrated with what one 
knows about their subject area combined with an understanding of how technology can 
be used to support the teaching a~d learning objectives and content goals (Neiss, et al., 
2007, p. 12). Koehler and Mishra (2008) claim that TPACK is, "an understanding that 
emerges from an interaction of content, pedagogy, and technology knowledge" (p. 17). 
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Finally, technological pedagogical knowledge is defined as knowledge that arises from 
experiences in teaching with technology. Margerum-Leyes and Marx (2004) state, "It is 
knowledge of appropriate instructional strategies specific to the implementation of 
technology-enhanced learning activities" (p. 433). Instead of knowing how to simply 
operate technology, the focus instead should be on knowing how to incorporate 
technology into a specific content area. Teachers must know why certain concepts, tools, 
and technology resources are important to their students' comprehension. They need to 
know why a technology resource may fit with one situation, and why it does not work for 
another. They need to know how to "flexibly incorporate new resources into their 
. 
knowledge of a discipline in ways that enhance learning" (Dexter, et al., 2006, p. 327). 
Ultimately, TP ACK requires an understanding of how to represent concepts using 
technology, as well as an understanding how technology can be used to address content-
specific pedagogies. It requires knowledge of what makes certain concepts difficult or 
easy to learn and how technology can mitigate those issues, and knowledge of how 
technology can be used to build upon students prior knowledge to, "develop new 
epistemologies and strengthen old ones" (Koehler & Mishra, 2008, p. 18). 
Teacher Training and Technological Pedagogical Content Knowledge 
With the growing acceptance of PCK, researchers began to make concrete 
connections of PCK to technology education (Angeli & Valanides, 2005; Margerum-
Leyes & Marx; 2004; Mishra & Koehler, 2006). Content knowledge (CK) of educational 
technology can be defined as knowledge of the hardware and software and ability to 
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troubleshoot (Margerum-Leyes & Marx, 2004). Pedagogical knowledge (PK) is defined 
as the application of pedagogical strategies not specific to educational technology like 
scaffolding, motivating students, and checking for understanding (Angeli and Valanides, 
2005, p. 294). Finally, TPACK is defined as knowledge that arises from experiences in 
teaching with technology. Magnerum-Leyes and Marx express this idea in stating that, "It 
is knowledge of appropriate instructional strategies specific to the implementation of 
technology-enhanced learning activities" (p. 433). Teachers need to know concepts and 
aspects of technology integration that are beyond technological content knowledge and 
beyond general pedagogical knowledge. Magnerum-Leyes and Marx summarized 
TPACK by stating that it is, "a special understanding of technology that allows them to 
teach effectively" (p. 433). 
New teachers need opportunities to "wrestle with and think about how students learn 
concepts" (Darling-Hammond, Hammerness, Grossman, Rust, & Shulman, 2005). They 
need opportunities like field experiences and student teaching to build TPACK. With the 
field experience, pre-service teachers are granted the opportunity to "wrestle" with these 
ideas in a clinical atmosphere as well as developing mentor relationship. Whittier (2005) 
reiterates the importance of field experience for new teachers and suggests that the 
successes of one teacher preparation program are due in part to the relationship that 
develops between student teacher and supervising teacher, as well as the focus on the 
process of learning. Whittier (2005) states, 
The success of this program derives not only from successfully integrating 
the talents of student teachers with the wisdom of supervising teachers, or 
from its assuring that the substance of the learning must always prevail 
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over the dazzle of the technology, but also from steadfast attention to the 
nuances of each lesson (p. 71). 
This design stresses the importance of the key interaction between the content, 
technology, and pedagogy and embodies TPACK. 
New teachers also need to acquire an understanding of the common challenges and 
misconceptions students have when learning that subject. This is key for developing a 
robust TPACK, or PCK for that matter. Teachers need to know their students' content-
related challenges and misconceptions, and how technology may help to remedy them. 
This knowledge develops from methods courses, but also through field experiences. 
TPACK can be alternatively interpreted as, "content-specific technology instruction" 
(Dexter, et al., 2006). This is built upon the premise that instead of knowing how to 
simply operate technology, the focus should be on knowing how to incorporate 
technology into a specific content area. Teachers may improve their practice by knowing 
why certain concepts, tools, and technology resources may facilitate their students' 
comprehension. They need to know why a technology resource may fit with one 
situation, and why it does not work for another. While there may be individual 
exceptions, in general, teachers need to know how to, "flexibly incorporate new resources 
into their knowledge of a discipline in ways that enhance learning" (Dexter, Doering, & 
Riedel, 2006, p. 327). 
By examining the differences between TPACK and technological expertise per se, or 
even technology content knowledge, the differences between information technology and 
instructional technology surface. Information technology and instructional technology 
are often used interchangeably when discussing technology in education. Expertise in a 
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particular area involves more than simple problem-solving skills and an understanding of 
the content (Bransford, Brown, & Cocking, 2000). Teachers also need to have a well-
organized understanding of how the content relates to students' understandings, including 
anticipating what types of problems and questions students are most likely to face in 
learning. These skills do not necessarily pertain to information technology. To be an 
expert information technologist, one must have only an expert knowledge of the 
technology itself. But.to be an expert instructional technologist, one must have expert 
knowledge of how to use technology to connect the content to appropriate pedagogies 
and learning strategies. 
The pervasive "process versus product" debate provides yet another lens through 
which to understand TPACK. In Process and Product, Dewey (1933) draws on an 
analogy between that of a map and the specific experiences of the explorers who created 
the map. He states that a map is a product, while the journeys and explorations used to 
create that map should be considered a process. If learning happens through experience, 
then these explorations, or the process, must be the focus of learning. Dewey shares the 
following: 
Moreover, when a person is traveling, it serves, if he knows how to use it, as a 
check on his position and a guide to his movements. But it does not tell him 
where to go; his own desires and plans determine his goal, as his own past 
determines where he is now and where he must start from. (p. 244) 
It is an individual's personal experience that provides context and understanding and 
direction. This analogy applies to technology integration, too. Instead of providing pre-
service teachers with all the tips, tricks, and complete lesson plans, teacher preparation 
faculty could guide students toward their own understanding of how technology supports 
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teaching and learning. Teacher educators could show these pre-service teachers how to 
explore and experience technology in education, and ultimately steer them in the 
direction of developing their own individual TP ACK. 
Ohanian (1985) also uses a map analogy to weigh in on the topic. She presents a very 
similar argument to highlight the differences between process and product and states that 
a map is only useful to those people that know the direction in which they are headed (p. 
698). Furthermore, she-claims, "The only way to become familiar with the terrain is to 
explore a little" (p. 698). Ohanian perceives teacher educators as too often simply 
providing students with their "snazzy ideas for a well-stocked classroom" and "keys to 
classroom control and creative bulletin boards" (p. 698). 
Analysis of TP ACK is also helpful when evaluating the quality of instructional 
technology training in teacher preparation. Fenstermacher and Richardson (2005) claim 
an essential element of good teaching is, "the teacher's understanding and assessment of 
individual student construction of meaning" (p. 205). A good teacher adjusts the 
components of teaching in response to student needs, curriculum, environment, and 
availability of resources. This adjustment represents TPACK when considering 
technology integration. Quality teaching also means that content is "taught in accords 
with disciplinary standards of adequacy and completeness", and is "undertaken with the 
intention of enhancing the learner's competence with respect to the content studied" (p. 
191). The emphasis on the selection of appropriate content and methods, intention to 
enhance learner's understanding, and consideration of the individual learner's perspective 




A primary purpose of this research was to measure TP ACK in pre-service 
teachers and help gauge its presence in teaching and correlations to improvements in 
learning. A validated and reliable instrument is critical to this effort. Netemeyer, 
Bearden, and Sharma (2003) propose effective measurement provides the foundation for 
scientific research. They state measurement, "is at the heart of virtually all scientific 
endeavors" (p. 1). The researchers define measurement as the process of evaluating 
numbers such that they reflect the differing degrees of the attribute being assessed. (p. 2). 
DeVellis (2003) suggests that measurement is a fundamental component of scientific 
research, and as scientists we are often required to makes sense of our observations by 
quantifying them. He advises that we must "measure the things in which we have 
scientific interest" (p. 2). 
Educational research sometimes attempts to define or measure what is referred to 
as a "construct". Cronbach and Meehl (1955) define a construct as, "some postulated 
attribute of people, assumed to be reflected in test performance" (p. 138). Loevinger 
(1957) defines a construct as something that, "connotes construction and artifice; yet 
what is at issue is validity with respect to exactly what the psychologist does not 
construct; the validity of the test as a measure of traits prior to and independently of the 
psychologist's act of measuring" (p. 642). She uses the comparison of traits to constructs 
to further define the term "construct". She states, "the trait is what we aim to understand, 
and the corresponding cc:mstruct represents our current best understanding of it" (p. 642). 
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This is often due to the latent nature of many abstractions or phenomena. Latent 
constructs are not necessarily directly observable or quantifiable, nor are they constant 
(Netemeyer, et al., 2003). Latent constructs are usually fluid by nature. DeVellis (2003) 
claims, "that is, some aspect of it, such as its strength or magnitude, changes" (p. 14). 
When attempting to study a construct, a scale as measurement serves the purpose 
of collecting data when observation is not enough. DeVellis (2003) says, "In instances in 
which we cannot rely on behavior as an indication of a phenomenon, it may be useful to 
assess the construct by means of a carefully constructed and validated scale" (p. 9). He 
also suggests that in the behavioral and social sciences when studying constructs, the 
typical, "measurement procedure is the questionnaire, and the variables of interest are 
part of the broader theoretical framework" (p. 3). Netemeyer et al. (2003) state that it is, 
"generally agreed that measures of latent theoretical constructs require multiple items or 
statements to more accurately reveal the varying levels of the constructs; that is, they are 
scaled" (p. 5). 
A central component of scale development requires the researcher to pay close 
attention to an instrument's reliability and validity. Clark and Watson (2004) propose, "It 
has become axiomatic that (publishable) assessment instruments are supposed to be 
reliable and valid" (p. 309). Desimone and Le Floch (2004) state, "Usually, tests of 
surveys measure the reliability - whether repeated trials yield the same results - and 
validity- whether the instrument measures the construct it purports to measure" (p. 4). 
That is, measurements should be both repeatable and standardized (N etemeyer, et al., 
2003). If the principles of validity and reliability are ignored, DeVellis (2003) suggests, 
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"A researcher not only may fail to exploit theory in developing a scale but also may reach 
erroneous conclusions about a theory by misinterpreting what a scale measures" (p. 11). 
This can lead to the conclusion that the construct being studied is either unimportant or 
that the theory is inconsistent. 
Building a Case for Validity 
Validity is the concept that an instrument actually measures what it claims to 
measure. Desimone and Le Floch (2004) suggest, "An important aspect of validity is that 
the respondent has a similar understanding of the questions as the survey designers; and 
that the questions do not omit or misinterpret major ideas, or miss important aspects of 
the phenomena being examined" (p. 4). The Standards for Educational and 
Psychological Testing (AERA, 1999) guidelines report that, "Validation can be viewed as 
developing a scientifically sound validity argument to support the intended interpretation 
of test scores and their relevance to the proposed use" (p. 9). It is the role of the test 
deveJoper to collect the necessary evidence needed to evaluate the proposed 
interpretation of the findings. 
DeVellis (2003) claims that there exist three basic forms of validity: 1) content 
validity, 2) criterion-referenced validity, and 3) construct validity. Content validity is 
how well a specific set of items reflects a construct. One method for addressing content 
validity is redundancy. Clark and Watson (1995) suggest, "If only one or two items are 
written to cover a particular content area, then the chances of that content being 
represented in the final scale are much reduced" (p. 311). In order to have criterion·· 
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referenced validity, De Vellis states, "an item or scale is required to have ~nly an 
empirical association with some criterion" (p. 50). With criterion-referenced validity, 
the theoretical basis for the association does not need to be understood. Instead, the 
association only need be observed. 
Instrument development for latent constructs requires establishing construct 
validity. Netemeyer, et al. (2003) state that, "Construct validity can and should be 
viewed broadly as referring to the degree to which inferences legitimately can be made 
from measures used in a study to the theoretical constructs on which those 
operationalizations are made" (p. 71). The instrument reflects what it is about. DeVellis 
uses the following example to further illustrate construct validity: 
... if we view some variable, based on theory, as positively correlated to constructs 
A and B, negatively related to C and D, and unrelated to X and Y, then a scale 
that purports to measure that construct should bear a similar relationship to 
measures of those constructs. In other words, our measure should be positively 
correlated with measures of constructs A and B, negatively correlated with 
measures of constructs C and D, and uncorrelated to measures of X andY. (p. 53) 
In Standards for Educational and Psychological Testing (AERA, 1999), the authors 
propose multiple sources of validity evidence used in scale development. First of all, the 
literature review serves as source for construct development and dimensionality. The 
authors suggest, "expert judgments of the relationships between parts of the test and 
construct" is yet another source of validity evidence (p. 11). Experts judge the 
"representativeness" of the chosen item sets, and work to confirm that the items 
themselves are appropriately relevant to each content domain (p. 11). Evidence of 
response processes can also be used to determine the fit between the construct and actual 
item responses generated by examinees. 
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Interviews with test takers can yield validity evidence the further enriches the 
understanding and definition of the latent construct. Collecting data on external variables 
is also important in building a case for instrument validity. Demographic questions 
included in the scale can contribute to this pool of validity evidence. The authors of 
Standards for Educational and Psychological Testing (1999) also suggest that collecting 
convergent evidence is studying, "the relationships between test scores and other 
measures intended to assess similar constructs" (p. 14). For example, this type of 
evidence represents how closely results on one TP ACK survey relate to results on 
another TPACK measurement. 
Instrument Reliability 
In addition to establishing an instrument's validity, determining an instrument's 
reliability is a focus in scale development. DeVellis (2003) suggests, "Scale reliability is 
the proportion of the variance attributable to the true score of the latent variable" (p. 27). 
Many analysis methods exist for determining reliability, including test-retest or 
alternative forms. However, Netemeyer, et al. (2003) state that due to, "constraints such 
as time, cost, and availability of the same subjects at multiple occasions, it is not always 
possible to take repeated measures or use alternate forms" (p. 46-47). In these cases, 
internal consistency can be used to estimate a measurement's reliability. DeVellis (2003) 
suggests that a scale is internally consistent when its items are highly intercorrelated. He 
further states that internal consistency is usually determined by using Cronbach's (1951) 
coefficient alpha, which equates, "the proportion of the scale's total variance that is 
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attributable to a common source, presumably the true score of a latent variable underlying 
the items" (p. 31). Cronbach (1951) claims, "A reliability coefficient demonstrates 
whether the test designer was correct in expecting a certain collection of items to yield 
interpretable statements about individual difference" (p. 297). Netemeyer, et al. (2003) 
suggest that the, "Coefficient alpha is concerned with the degree of interrelatedness 
among a set of items designed to measure a single construct" (p. 49). 
In Cronbach's 2004 article revisiting his seminal1951 work entitled Coefficient 
Alpha and the Internal Structure of Test, he summarizes what was the original design of 
the coefficient alpha formula. He states, "The formula was designed to be applied to a 
two-way table of data where rows represent persons (p) and columns represent scores 
assigned to persons under two or more conditions (i)" (p. 392). When computing the 
coefficient alpha, De Vellis (2003) states that an alpha below .60 will be interpreted as 
u11acceptable, while an alpha between .70 and .80 and above will be considered good. 
However, it is important to note that the alpha is often a function of the number of survey 
items. Cortina (1993) suggests that "Most recent studies that have used alpha imply that 
a given level, perhaps greater that .70, is adequate or in~dequate without comparing it 
with the number of items in the scale" (p. 101). He suggests that for a 3-item scale with 
alpha of .80, the inter-item correlation is .57, and for a 10-item scale with an alpha of .80, 
the inter-item correlation is only .28. He recommends that, "This is strikingly different 
from .57 and underscores the fact that, even without taking dimensionality into account, 
alpha must be interpreted with some caution" (p. 101). 
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Scale Development as proposed by De Vellis (2003) 
Actual steps and procedures for survey development vary from researcher to 
researcher based on needs and instrument type. However, in Scale Development: Theory 
and Application, De Vellis (2003) offers a concise overview of the processes involved in 
developing a scaling self-report instrument that measures latent constructs. Scale 
developers should begin by first establishing a clear definition of exactly what it is they 
want to study. He states that the construct should be, "well grounded in the substantive 
theories related to the phenomenon being measured" (p. 60). It is also important to pay 
close attention to the level of specificity of the scale. He shares, "Sometimes a scale is 
intended to relate to very specific behaviors or constructs, whereas at other times a more 
general or global measure is sought" (p. 61). 
Once the purpose of the scale has been established and the construct has been 
grounded in theory, a scale developer can begin creating the item pool. De Vellis 
suggests that when selecting or creating scale items, "the content of each item should 
primarily reflect the construct of interest" (p. 63). He also suggests that at this point in 
the scale development, it is better to be "overinclusive", and to develop or select 
redundant items (p. 65). He states, "By using multiple and seemingly redundant items, 
the content that is common to the items will summate across items while their irrelevant 
idiosyncrasies will cancel out" (p. 65). Also at this stage, it is important to include far 
more items than are planned for the final instrument. He reiterates the association of the 
number of items in a scale to the internal consistency, and proposes, "internal consistency 
reliability is a function of how strongly the items correlate with one another" (p. 66). 
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While developing the item pool, De Vellis recommends establishing the format for the 
questions. Although there are many commonly accepted formats from which to select, he 
states it is important that, "This step should occur simultaneously with the generation of 
items so that the two are compatible" (p. 71). 
Once the item pool and question format has been established, DeVellis (2003) 
recommends that experts review the instrument. This process helps maximize the 
content validity. Experts who are knowledgeable in the content: area should be selected. 
Reviewers can be asked to rate, "how relevant they think each item is to what you intend 
to measure," as well as to evaluate "the items' clarity and conciseness" (p. 86). DeVellis 
suggests it is appropriate to ask the expert panel, "ways of tapping the phenomenon that 
you have failed to include" (p. 86). 
Mter the item pool reviewed by an expert panel to maximize validity has been 
updated accordingly, the survey should be administered to a large sample of subjects. 
When determining how large the sample should be in terms of size, DeVellis cautions 
against choosing a sample size too small. He claims that with too few subjects, "the 
patterns of covariance among the items might not be stable", and that "the development 
sample may not represent the population for which the scale is intended" (p. 88). 
Following the administration of the pilot survey, data analysis can begin in order to 
determine which questions from the item pool should constitute the final scale. When 
providing an overview of the goals of data analysis in scale development, De Vellis states: 
The higher the correlations among items, the higher are the individual item 
reliabilities (i.e. the more intimately they are related to the true score). The more 
reliable the individual items are, the more reliable will be the scale that they 
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comprise (assuming that they share a common latent variable). So, the first quality 
we seek in a set of scale items is that they be highly intercorrelated. (p. 90) 
Establishing item intercorrelations and factor analysis can both be used to 
determine unidimensionality. De Vellis states, "Items may have no common underlying 
variable (as in an index or emergent variable), or may have several" (p. 94). Determining 
that there is only one underlying latent construct is important. Establishing the quality of 
the reliability coefficient alpha is also important at this stage in scale development. 
Once inter-item correlations, factor analysis, and the coefficient alpha have been 
established, the scale developer should have a pool of valid and reliable items. At that 
point, detemilning the appropriate length for the scale should be evaluated. De Vellis 
proposes, "Generally, shorter scales are good because they place less of a burden on 
respondents. Longer scales, on the other hand, are good because they tend to be more 
reliable" (p. 97). Therefore, the trade-offs between brevity and reliability must be 
considered. When looking to shorten a scale, DeVellis suggests, "items that contribute 
lease to the overall internal consistency should be the first to be considered for exclusion" 
(p. 98). Continuous monitoring of the overall scale reliability must be a focus at this 
stage. Although each instrument is unique, an ideal scale length can be determined. In 
the end, this will lead to a valid and reliable instrument that will consistently and 
accurately measure a latent construct. 
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CHAPTER THREE: PROCEDURES 
Introduction 
Item Pool Development 
Development of the PT-TP ACK Survey followed the guidelines for construct 
definition and scale development outlined in Standards for Educational and 
Psychological Testing (American Educational Research Association, 1999), Scale 
Development: Theory and Applications (De Vellis, 2003), and Scaling Procedures: Issues 
and Application (Netemeyer, Bearden, & Sharma, 2003). A major focus of these efforts 
was on establishing construct validity. Netemeyer, Bearden, and Sharma (2003) state 
that, "construct validity is an assessment of the degree to which a measure actually 
measures the latent construct it is intended to measure" (p. 8). According to the authors, 
testing construct validity typically involves the following three steps: 1) specifying a set 
of theoretical constructs and their relations, 2) developing methods to measure the 
constructs, and 3) empirically testing how well "manifest (observable) indicators (items) 
measure the constructs in the theory" (p. 8). 
The individual dimensions of TPACK studied were as follows: pedagogical 
knowledge (PK), content knowledge (CK), technological knowledge (TK), pedagogical 
content knowledge (PCK), technological content knowledge (TCK), technological 
pedagogical knowledge (TPK), and technological pedagogical content knowledge 
(TP ACK). A review of the literature, as presented in Chapter 2, was used to guide initial 
item development. The literature review provided the framework for the individual 
TPACK dimensions. Each of the distinct TPACK dimensions was used to guide the 
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creation and categorization o.f the individual items in the initial pool. Every item in the 
preliminary pool addressed a dimension of the latent variable TP ACK. 
The pool accounted for redundancy, and multiple items were associated to each 
dimension being studied. DeVellis (2003) suggests that, "By using multiple and 
seemingly redundant items, the content that is common to the items will summate across 
items while their irrelevant idiosyncrasies will cancel out" (p. 65). The initial item pool 
had five to ten items that address each of these distinct TP ACK dimensions. Each item 
was written as a statement pertaining to the participants' pre-service teacher preparation. 
The survey was designed so that participants respond to each item by indicating to what 
extent they agree with each statement. For example, one item on the questionnaire 
declares "My teacher preparation program education provided me with a clear 
understanding of how teaching and learning changes when particular technologies are 
usee!'. Participants were asked to respond to this statement with the scale Strongly 
Agree, Agree, Disagree, or Strongly Disagree. 
Initial Pilot Study 
The initial item pool was then used to develop a first draft of the survey (Appendix I). 
The literature review presented earlier in Chapter 2, coupled with the results from the 
pilot survey, served as beginning data points for the survey's validation. This 
preliminary draft of the survey was administered to a representative sample of pre-service 
undergraduates (n=16) sophomore and junior elementary education majors. Although 
later versions of the survey were administered using online technologies, this pilot survey 
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was delivered using a paper-and-pencil method. These students were enrolled in a 
teacher preparation program in the northwest United States and were nearing completion 
of a semester-long course titled "Foundations in Educational Technology". An objective 
of this course is developing emerging TPACK in the pre-service teachers. Students in the 
course develop technology-based resources in their own content area. Some of these 
projects include video-enhanced podcasts, digital video projects, instructional wikis, and 
interactive whiteboard lesson plans. The course culminates with each student developing 
a technology-rich, multi-week unit plan. Throughout the curriculum, students learn to 
teach "about" the technology and "with" the technology (Neiss, et al., 2007). Neiss, et al. 
claim teaching students "about" technology relies upon a teacher's technological 
knowledge, whereas teaching "with" technology relies upon a teacher's technological 
pedagogical content knowledge. Students frequently reflect on the design of their 
technology resources by posting thoughts and reactions to blogs, online collaborative 
word processors, and Wikis, and work toward developing "interaction of content, 
pedagogy, and technology knowledge", or TPACK (Koehler & Mishra, 2008, p. 17). 
This first draft of the survey was called the Initial TPACK Survey (Appendix I), and 
was used for judging "face validity", or validity in terms of ease of use, proper reading 
level, item clarity, and ease of response formats (Netemeyer, et al., 2003). This version 
of the survey was administered using a paper-and-pencil method. Students were asked to 
comment on the clarity of each item, whether the scale given to respond to the questions 
is adequate, and if only one answer choice is possible for each item. General usability 
comments regarding the overall survey were also collected in this preliminary study. 
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Results were used to revise the item pool and survey design. After these revisions, a 
second version of the pilot instrument was given to pre-service teachers enrolled in 
another section of the "Foundations in Educational Technology" course (n=14). A 
reliability analysis was run on this data set even though there were only 14 respondents. 
Cronbach's Alpha for this data set was .954. 
Mter completion of the preliminary reliability analysis, a set of demographic 
questions was added to the pilot survey. These questions asked respondents about age, 
gender, expected graduation date, and if they had participated in any field experiences in 
their teacher preparation. A final item addressing respondents' overall TPACK was also 
added to the survey. 
Expert Review 
Once the final survey item pool has been established, an expert panel reviewed the 47 
items to further enhance construct validity (AERA, 1999; DeVellis, 2003; Zhang, 2003). 
Four professors of educational technology were asked to review each item and then to 
rate how relevant they think each item is to the construct of TPACK, as well as evaluate 
the clarity and conciseness of each item (DeVellis, 2003). 
The experts that participated in the TP ACK survey review were Judi Harris (William 
& Mary College), Karin Forsell (Stanford University), Jon Margerum-Ley (Eastern 
Michigan University), and Maggie Niess (Oregon State). 
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Brief biographies for each reviewer are as follows: 
• Judi Harris, Ph.D., Professor, School of Education, College of William & 
Mary. Ms. Harris is a professor and the Pavey Family Chair in Educational 
Technology in the School of Education at the College of William & Mary, 
where she coordinates the Curriculum and Educational Technology doctoral 
program. Her research focuses upon the development of technological 
pedagogical content knowledge (TPACK); curriculum-based educational 
technology professional development for teachers; and telementoring, 
including professional learning and support for new teachers online (Harris, 
personal communication, 2010). 
• Karin Forssell, M.A. Education, Stanford University, School of Education. 
• 
Ms. Forssell is a doctoral candidate in the Psychological Studies area and 
Learning Sciences & Technology Design program at Stanford University's 
School of Education. She works with Professor Brigid Barron in the 
youthLAB research group. Ms. Forssell is also the Program Coordinator for 
the Learning, Design, and Technology Master's Program. Ms. Forssell studies 
the choices people make in learning new technology applications, with a 
special focus on teachers and students using technology in school (Forssell, 
personal communication, 2010). 
Jon Margerum-Ley, Ph.D., Associate Professor, Eastern Michigan University . 
Mr. Margerum-Ley has over twenty years of experience integrating computer 
and other electronic technology in teaching and learning settings and helping 
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other teachers to do so. He is a former member of the California Technology 
Project, the California School Leadership Academy, and the South Coast 
Writing Project (National Writing Project affiliate). He currently serves as 
president of the Consortium for Outstanding Achievement in Teaching With 
Technology (COATT). Mr. Margerum-Ley has written about computers and 
teachers for The J oumal of Staff Development, The J oumal of Educational 
Computing Research, and The Jeumal of Teacher Education. In 2002, his 
research on what experienced teachers and student teachers teach each other 
about technology won the American Association of Colleges for Teacher 
Education Dissertation of the Year award (Margerum-Ley, personal 
communication, 2010). 
• Margaret Niess, Ph.D., Professor Emeritus in Mathematics and Science 
Education, College of Science, Science and Mathematics Education, Oregon 
State University. Ms. Niess is Professor Emeritus in Mathematics and 
Science Education at Oregon State University. She has been deeply involved 
in research and projects involving the integration of technology in teaching 
and learning. Ms. Niess has also authored a number of books, chapters, and 
articles on TP ACK in pre-service teacher education. Recent publications have 
focused on TPACK and the preparation of mathematics teachers (Neiss, 
personal communication, 2010). 
Experts completed the review using the online survey tool Google Forms (2009). 
Experts were asked to provide any comments they have regarding the item pool, the 
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survey design, and if there were any perceived phenomena for which the survey failed to 
account. Reviewers were provided a Table of Specifications (Appendix IT) that shows 
which items on the questionnaire are intended to measure what dimensions of TPACK. 
The table of specifications served as "test blueprint" that lists how each item in the 
instrument maps to each TPACK dimension (Western Michigan University, 2008). The 
expert panel used the ''Expert Review Survey" (Appendix Ill) to report their evaluation 
of the relevance and clarity of the 47 survey items. Items that were weak or lack clarity 
and conciseness were revised or deleted. A final version of the questionnaire was then 
compiled, which served as the item pool that was administered to a representative 
sample. 
PT-TPACK Survey 
The updated and revised item pool was used to develop Teacher Preparation Program 
Technological Pedagogical Content Knowledge Survey (PT-TPACK Survey). The final 
version contained 45 items (Appendix IV). The survey was in electronic form and was 
administered to participants using the online Google Forms (Google, 2009). This version 
of the questionnaire was distributed to pre-service teachers in an undergraduate teacher 
preparation programs. A total of at least 200 participants was the target sample size with 
the goal being to avoid a ratio of subjects to items that is relatively low. A low sample 
size could decrease contribution to the measure of internal consistency (De Vellis, 2003, 
p. 88). However, the final sample size was 120. Comrey (1988) suggests that the impact 
of a small sample size is that, "The smaller the sample, the more the correlations are 
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subject to outliers and sampling variations" (p. 759). Since a smaller than desired sample 
size was obtained, confirmatory factor analysis was used to further analyze the data to 
better understand if the small sample impacted results. 
Data Analysis 
The literature review, understandability study and pilot survey, expert review, and 
factor analysis were used to attempt to establish the instrument's validity. Reliability 
measures of the PT-TP ACK Survey were also determined. Data analysis included, "the 
most widely used internal reliability coefficient, or Cronbach's coefficient alpha 
(Netemeyer, et al., 2003, p. 11). The survey's coefficient alpha is an, "indication of the 
proportion of variance in the scale scores that is attributable to the true score of the 
questionnaire" (p. 95). DeVellis (2003) states that an alpha below .60 be interpreted as 
unacceptable while an alpha between .70 and .80 and above be considered good. 
This research addressed several questions about the development of a TP ACK survey. 
Firstly, what are the underlying dimensions of the PT-TP ACK Survey? The literature 
review and expert review panel were used to develop and confirm that the underlying 
dimensions proposed by the PT-TP ACK Survey are in fact present. H the underlying 
dimensions were confirmed to be present in the instrument, the survey could be used to 
diagnose both strengths and shortcomings in a teacher preparation program and in 
specific classes in regard to technology instruction. Pre-service teachers in one program 
or one class may consistently report that although they feel adequately prepared in terms 
of pedagogical knowledge and content knowledge, they are lacking in terms of 
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technological knowledge. Results such as this could serve as an alarm for teacher 
educators in that program or course to reexamine technology instruction. 
Secondly, were the underlying dimensions ofthe PT-TPACK Survey aligned with the 
constructs represented by Mishra & Koehler's (2006) hypothesized TPACK model? The 
TPACK framework as proposed by Mishra and Koehler is built upon the interaction of 
content, pedagogical, and technological knowledge. Each of these dimensions represents 
a distinct domain of teacher knowledge that interacts with one another. The expert panel 
and confirmatory factor analysis was conducted to determine if the latent PT-TP ACK 
Survey dimensions corre~pond to the individual TPACK dimensions. 
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CHAPTER FOUR: RESULTS 
This chapter outlines the results and findings from the statistical analyses conducting 
during the PT-TPACK survey development. Expert reviews were carried out prior to the 
survey pilot test. Results from these expert reviews are included in the findings below. 
Descriptive analysis was used to better understand the sample population. Wille n996) 
suggests that, "The validity of a measuring instrument consists of its discriminate and 
construct validity", which can be measured empirically through exploratory factor 
analysis and confirmatory factor analysis (p. 22). He also states, "Latent variable models 
can be fitted to measurement data by means of path analysis (structural equation 
modeling) with latent variables" (p. 1 ). Both exploratory and confirmatory factor 
analysis with path analysis were performed to establish a case for instrument validity. 
Finally, reliability measures of the PT-TPACK Survey were also conducted. 
Data Analysis Methodology 
This study used both quantitative and qualitative measures for instrument 
development. The literature review, understandability study, and pilot survey were used 
for initial scale development. Following the creation of the PT-TP ACK instrument, an 
expert review was conducted to begin building a case for validity. The scale was revised 
per the expert recommendations, and the PT-TPACK Survey was administered to the 
sample population. Data collected was analyzed using exploratory factor analysis and 
confirmatory factor analysis. Descriptive statistics including reliability measures were 
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also conducted. Statistical analyses were conducted using P ASW Statistics 18 .0 software 
(SPSS, 2009) and LISREL 8.8 (SIS, 2007). 
Expert Review 
Seven experts were asked to participate in the expert review, and four agreed to 
complete the process. The experts that participated in the PT-TP ACK survey review 
were Judi Harris (William & Mary College), Maggie Niess (Oregon State), Karin Forsell 
(Stanford University), and Jon Margerum-Ley (Eastern Michigan University). Short 
biographies and additional information for each reviewer were provided in Chapter 3. 
Expert reviewers were sent an overview of the research project and survey, a link 
to the online survey, and a copy of the actual student instrument. The expert review was 
completed using the form and survey tool of Google Docs (Google, 2009). Expert 
reviewers were asked to rate the clarity, conciseness, and relevance to TPACK for each 
item. Additionally, participants were asked to provide additional comments about each 
item. Upon completion of the expert review, reviewers shared final comments 
concerning the overall instrument. 
One persistent criticism provided by the reviewers was that the survey seemed to 
be presented as a tool to measure actual TPACK. This is, in fact, not the intended use for 
the instrument. Instead of a tool to measure actual TP ACK, reviewers suggested that the 
survey be more clearly presented as an instrument that measures pre-service teachers' 
understandings about their preparation in regard to TPACK. A voiding this confusion 
about the purpose of the instrument was remedied by modifying the instrument to better 
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explain the goals of the survey in the introduction. 
Several reviewers thought that the item prompt preceding each question needed to 
be modified to accommodate pre-service teachers at different points in their teacher 
preparation. As a result, the prompt was changed from "My teacher preparation 
education prepared me with ... " to "My teacher preparation education has prepared or is 
preparing me with ... ". 
The comments on individual items that were provided by reviewers focused on 
three components: 1) Clarity, 2) Conciseness, and 3) Relevance to TPACK. Many of the 
reviewers offered suggestions for wording and phrasing to improve clarity and 
conciseness. Several of the reviewers recommended that the word "pedagogy" should 
not be used since many pre-service teachers have vague understandings of teaching 
vocabulary. They suggested that using this term seemed to focus the item more on the 
students' understanding of terminology and less on their perceptions about their 
preparation in relation to TP ACK. 
One reviewer suggested the instrument better define "technology" in the survey 
introduction. The reviewer commented that there are many different types of classroom 
technologies in use beyond what is implied in this instrument. For example, the reviewer 
suggested that chalk is a technology. However, the targeted respondents of the survey 
had just completed a course on educational technology where technologies like podcasts, 
communication and collaboration tools, and multimedia are the focus. Thus, although 
some clarification or further definition of the term "technology" could be useful, students 
would have a strong sense that the term "technology" in this case Teferred to the 
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technologies addressed in their required foundations in educational technology course. 
One reviewer felt that the recurring use of "Clear understanding" was unnecessary 
and potentially confusing for pre-service teachers. The reviewer suggested that the term 
"clear" is relative to each person and is not needed in the item. Additionally, the scale 
pre-service teachers use to state to what extent they agree with each statement accounts 
for a strong or clear understanding; a respondent can select "Strongly Agree" for an item. 
To a certain degree, this renders the use of "clear" in those items useless and thus it was 
removed. 
In terms of the items' relevance to TPACK, some of the reviewers suggested that 
many of the items in the survey do not relate directly to TPACK but instead to the 
individual dimensions ofTPACK such as technological knowledge and pedagogical 
knowledge. However, this was the intention of the survey design and is a crucial 
component of the validation process. To establish a case for validity, it was necessary to 
use factor analysis to study how the individual dimensions of TPACK relate to each other 
as well as to TPACK as a construct. So the items that are used to measure students' 
understandings of their preparation in regard to dimensions like pedagogical knowledge 
are just as valuable as the items that address TPACK as a whole. Additionally, some 
reviewers felt that many of the survey items were redundant. Redundancy is part of the 
validation process and was purposefully built into the instrument. 
Finally, one reviewer noted that item #34 was the only item in which an example 
was used to further illustrate the item. The reviewer suggested that either more examples 
be used or this one be removed for the sake of consistency. Instead of providing an 
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example in every single item that mentions classroom use of technology, a dear 
definition of the types of technology to which the items are referring was provided in the 
introduction. 
Participants Descriptive Analysis 
Descriptive statistics were performed with P ASW Statistics software (Release 
18.0). The sample consisted of 120 pre-service teachers. Forty-two of those students 
were nearing completion of a required educational technology course, and 78 had 
recently completed the course the previous semester. Descriptive statistics for the 
participant demographic data is provided in Table 4 .1. 
Over 75% of respondents (n=91) were female, and 23% were male (n=28). One 
student reported being transgender. Eighty-nine students were ages 18-22, 22 students 
were ages 23-29, seven students were 30-35, and two students were 36 years of age or 
older. 
Sixty-four students were enrolled in the elementary education teacher preparation 
program, and 44 were enrolled in the secondary education teacher preparation program. 
Other students self-identified as being enrolled in the Family Consumer Science program 
(n=1), K-12 broadfield programs (n=3), music education (n=1), psychology (n=1), and 
middle school teacher preparation program (n=3). Three students were undecided. 
Over 94% of students (n= 113) had participated in some sort of field experience 
during their teacher preparation sequence. Seven students had not had any type of field 
expenence. Students were asked in what types of field experiences they had participated. 
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Sixty-four percent of students had only taken part in classroom observations (n=77), 20% 
of students had participated in the teacher preparation programs pre-practicum experience 
(n=24), and 11% of students reported that they had completed or were enrolled in student 
teaching (n=13). 









36 and older 
Enrollment by teacher preparation program 
Elementary education 
Secondary education 
Enrollment across other disciplines 
Not yet decided 
Experience in educational technology course 
Currently enrolled in educational technology course 
Completed educational technology course 
Field experience 
None 







































Preliminary Instrument Analysis 
Descriptive analyses were conducted on student responses from the PT-TP ACK 
survey to test normality and skewness. Mean scores for the 45 items were calculated to 
examine overall instrument normality. Both skewedness (skewness= -.624, SE = .221) 
and kurtosis (kurtosis= 2.699, SE = .438) were not found to depart significantly from 
normality (W= .941,p <.001). Fabrigar,.Wenger, MacCallum, and Strahan (1999) state 
that recommended thresholds for maximum likelihood estimation methods are skewness 
ofless than 2.00 and kurtosis less than 7. The skew and kurtosis of the mean scores of 
thee PT-TP ACK survey items were below these recommended thresholds. Measures of 
central tendency were also analyzed. Descriptive statistics for all responses for all items 
on the PT-TPACK are presented in the Table 4.2. 
Table 4.2. Descriptive statistics for student responses on the PT-TP ACK survey 
Pedagogical Knowledge (PK) 
1. An understanding of pedagogy, or teaching methods (e.g., designing 
instruction, assessing students' learning). 
2. Knowledge of the practices, strategies, and methods of teaching I will 
use as a teacher. 
3. The knowledge and skills I will need in assessing student learning. 
4. The concepts and skills necessary to motivate students to learn. 
Technological Knowledge (TK) 
5. Knowledge of hardware, software, and technologies that I might use for 
teaching. 
6. The knowledge and skills to troubleshoot when technology problems 
anse. 
7. The knowledge and skills to use technology to my everyday life. 
8. The understanding needed to recognize that technology may support and 
improve everyday life and that it may not. 
9. The skills and understanding to decide where technology can be 





















10. The skills and understanding to decide where technology can be 3.83 .843 
detrimental to achieving an objective. 
Content Knowledge (CK) 
11. A comprehensive understanding of the subject matter I will need to 4.03 .829 
teach. 
12. An understanding of how knowledge in my discipline is organized. 3.63 .898 
13. Knowledge of preconceptions and misconceptions in my subject area, 3.65 .857 
and how they can be addressed instructionally. 
14. The skills and concepts needed to explain to my students why a concept 3.85 .837 
in my subject area is worth knowing. 
15. The connections between the different topics in my subject area. 4.03 .692 
16. The professional disposition for continuing to update my own 4.07 .742 
understanding of the subject area. 
Pedagogical Content Knowledge (PCK) 
17. An understanding that there is a relationship between content and the 4.28 .611 
teaching methods I use in the classroom. 
18. The knowledge, skills, and ability to anticipate students' preconceptions 3.82 .722 
and misconceptions. 
19. The knowledge, skills, and ability to address students' preconceptions 3.78 .712 
and misconceptions. 
20. An understanding of what topics or concepts are easy or difficult to 3.66 .815 
learn. 
21. The skills and methods needed to provide multiple representations of 4.07 .724 
content in the form of analogies, examples, demonstrations, and classroom 
activities. 
22. The strategies I will need to adapt material to students' abilities, prior 3.96 .627 
knowledge, preconceptions, and misconceptions. 
Technological Pedagogical Knowledge (TPK) 
23. An understanding of how teaching and learning change when particular 4.13 .655 
technologies are used. 
24. An understanding of how technology can be integrated into teaching 4.17 .678 
and learning in order to help students achieve specific pedagogical goals 
and objectives. 
25. An understanding ofhow to adapt technologies to better support 4.18 .657 
teaching and learning. 
26. An understanding of how to be flexible with my use of technology to 4.15 .729 
support teaching and learning. 
27. The skills and understanding needed to reconfigure technology and 3.78 .909 
apply it to meet instructional needs. 
28. An understanding that in certain situations technology can be used to 4.36 .605 
improve student learning. 
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Technological Content Knowledge (TCK) 
29. The knowledge, skills, and practices to select and integrate 
technological tools appropriate for use in specific content areas. 
30. An understanding how the choice of technologies allows and limits the 
types of content ideas that can be taught. 
31. An understanding how some content decisions can limit the types of 
technology that can be integrated into teaching and learning. 
32. An awareness of how different technologies can be used to provide 
multiple and varied representations of the same content. 
33. Knowledge of specific technologies that are best suited for addressjng 
learning objectives in your discipline. 
34. An understanding that I need to be flexible when using technology for 
instructional purposes. 
Technological Pedagogical Content Knowledge (TPACK) 
35. The knowledge of how to effectively integrate educational technologies 
to increase student opportunities for interaction with ideas. 
36. Many different opportunities to teach specific subject matter topics with 
technology. 
37. Knowledge of appropriate instructional strategies to teach specific 
subject matter topics with technology. 
38. The ability to determine when a technology resource may fit with one 
learning situation in your discipline, and not for another. 
39. The knowledge and skills necessary to flexibly incorporate new tools 
and resources into content and my teaching methods to enhance learning, 
40. An understanding of how digital technologies can be used to represent 
content in a variety of format. 
41. Teaching methods that use technology to teach content and provide 
opportunities for learners to interact with ideas. 
42. An understanding of what makes certain concepts difficult to learn for 
students and how technology can be used to leverage that knowledge to 















43. An understanding of how to integrate technology to build upon 3.91 .745 
students_ prior knowledge of subject matter topics. 
44. An understanding of not just know how to operate classroom 3.92 .805 
technologies, but of the knowledge needed to incorporate technologies into 
my particular content area or grade level to enhance student learning. 
45. Strong technological pedagogical content knowledge (TPACK). This 3.96 .803 
knowledge includes knowledge of how to integrate the use of educational 
technologies effectively into curriculum-based learning. 
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Exploratory Analysis 
The dimensionality ofthe 45 items on the PT-TPACK survey was first examined 
using exploratory factor analysis (BFA). According to Wille (1996), "Each factor in the 
factor analysis represents a specific latent variable and conclusions are drawn based on 
the matrix of rotated measurement strengths (factor loadings)" (p. 25). Items that cross-
loaded or had low correlation values were removed. Twenty-seven items were selected 
for the final PT-TPACK survey (Appendix V). With the remaining variables, principal 
component analysis was conducted. Varimax rotation with Kaiser Normalization yielded 
the most interpretable factor structure. The resulting model suggested six constructs: 
pedagogical knowledge (PK), technological knowledge (TK), content knowledge (CK), 
pedagogical content knowledge (PCK), technological pedagogical knowledge (TPK), and 
technological pedagogical content knowledge (TP ACK). Eigenvalue loading for the six 
factors were greater than the commonly accepted criterion of 1.0 (Garson, 2010). The 
elbow in the scree plot corroborated these resulting six factors. Bangert (2006) suggests 
data screening procedures be undertaken, "to evaluate the factorability of the correlation 
matrix" (p. 233). The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was 
strong (KMO = .848). Garson (2010) suggests the KMO overall should be .60 or higher 
to proceed with factor analysis. The test of the observed matrix equal to an identity 
matrix was rejected (Barlett's i= 1716.698, df- 351,p < .001). 
Examining the commonalities was conducted to further interpret the results of 
factor analysis. The communality of a variable is the portion of the variance of that item 
that is accounted for by the individual factors, or in this case, the TP ACK dimensions. 
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Garson (2010) suggests that, "communalities show for which measured variables the 
factor analysis is working best and least well." MacCullum, Widaman, Zhang, and Hong 
(1999) recommend that when communalities are greater than .6, then that aspect of 
sampling that has a detrimental effect on model fit and precision of parameter estimates 
receives a low weight" (p. 96). Ultimately, this reduces the impact of the lower sample 
size. If communalities fall below .5, the authors suggest, "a somewhat larger sample 
size, in the range of 100 to 200" (p. 96). Communalities for the PT-TPACK were 
consistently high, with only item number 3 being the only that fell below this threshold 
with a communality of .5. Communalities on all other items were .6 or greater (See 
Table 4.5). 
Table 4.3 Communalities ofPT-TPACK variables 
Item 
1. An understanding of pedagogy, or teaching methods (e.g., designing 
instruction, assessing students' leaming).(PK) 
2. Knowledge of the practices, strategies, and methods of teaching I 
will use as a teacher.(PK) 
3. The knowledge and skills I will need in assessing student 
leaming.(PK) 
4. The concepts and skills necessary to motivate students to leam.(PK) 
5. Knowledge of hardware, software, and technologies that I might use 
for teaching.(TK) 
7. The knowledge and skills to :use technology to my everyday life.(TK) 
8. The understanding needed to recognize that technology may support 
and improve everyday life and that it may not.(TK) 
9. The skills and understanding to decide where technology can be 
beneficial to achieving an objective.(TK) 
10. The skills and understanding to decide where technology can be 
detrimental to achieving an objective.(TK) 
11. A comprehensive understanding of the subject matter I will need to 
teach.(CK) 















13. Knowledge of preconceptions and misconceptions in my subject .629 
area, and how they can be addressed instructiona11y.(CK) 
17. An understanding that there is a relationship between content and . 73 7 
the teaching methods I use in the classroom.(PCK) 
21. The skills and methods needed to provide multiple representations .562 
of content in the form of analogies, examples, demonstrations, and 
classroom activities.(PCK) 
22. The strategies I will need to adapt material to students_ abilities, .529 
prior knowledge, preconceptions, and misconceptions.(PCK) 
23. An understanding ofhow teaching and learning change when .618 
particular technologies are used.(TPK) 
24. An understanding ofhow technology can be integrated into .701 
teaching and learning in order to help students achieve specific 
pedagogical goals and objectives.(TPK) 
25. An understanding of how to adapt technologies to better support .797 
teaching and learning.(TPK) 
27. The skills and understanding needed to reconfigure technology and .647 
apply it to meet instructional needs.(TPK) 
28. An understanding that in certain situations technology can be used .731 
to improve student learning.(TPK) 
35. The knowledge ofhow to effectively integrate educational .606 
technologies to increase student opportunities for interaction with 
ideas.(TP ACK) 
39. The knowledge and skills necessary to flexibly incorporate new .686 
tools and resources into content and my teaching methods to enhance 
learning,(TP ACK) 
41. Teaching methods that use technology to teach content and provide . 723 
opportunities for learners to interact with ideas.(TPACK) 
42. An understanding of what makes certain concepts difficult to learn .699 
for students and how technology can be used to leverage that 
knowledge to improve student learning.(TPACK) 
43. An understanding of how to integrate technology to build upon .696 
students_ prior knowledge of subject matter topics.(TPACK) 
44. An understanding of not just know how to operate classroom .563 
technologies, but of the knowledge needed to incorporate technologies 
into my particular content area or grade level to enhance student 
learning.(TP ACK) 
45. Strong technological pedagogical content knowledge (TPACK). .728 
This knowledge includes knowledge of how to integrate the use of 
educational technologies effectively into curriculum-based 
learning.(TP ACK) 
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The rotated solution initially yielded the following six interpretable factors: 
pedagogical knowledge (PK), technology knowledge (TK), content knowledge (CK), 
pedagogical content knowledge (PCK), technological pedagogical knowledge (TPK), and 
technological pedagogical content knowledge (TPACK). These six components 
contributed to over 64% of the total item variance. The first component contributed to 
over 34% of the total variance, the second approximately 10%. The third component 
accounted for 6%, and the fourth, fifth, and sixth components each contributed 5% to the 
total variance. 
Wille (1996) suggests, "A measuring instrument adheres to construct validity if 
all of the measurements which make up the instrument load on the same common factor 
with a significant loading (measurement strength)" (p. 25). Component number one 
contained items associated with overall understanding of the interactions between 
technology, pedagogy, and content. It was·named "Technological Pedagogical Content 
Knowledge (TPACK)". Component two was comprised of items related to the impact of 
technology integration on general teaching practice and was named "Technological 
Pedagogical Knowledge (TPK)". Component three contained items associated with 
general knowledge of teaching methods including designing instruction and assessment. 
It was named "Pedagogical Knowledge (PK)". Component four consisted of items 
associated with understandings of a particular content area and was named "Content 
Knowledge (CK)". The fifth component was comprised of items related to general 
technology knowledge about hardware, software, and troubleshooting, and was named 
"Technological Knowledge (TK)". Finally, component six contained items related to the 
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interaction between content and pedagogy and was named "Pedagogical Content 
Knowledge (PCK)". The a priori hypothesis established in the current literature (Mishra 
and Koehler & Mishra, 2005) that technological content knowledge (TCK) was a 
dimension present in the TPACK construct did not hold true for this study. Factor 
loadings for the PT-TPACK items are reported in Table 4.4. 
Table 4.4. Rotated structure for the PT-TPACK survey with factor loadings 
Factors 
Item TPACK TPK PK CK TK PCK 
Technological Pedagogical Content Knowledge (TPACK) 
45. Strong technological pedagogical .744 .223 -.006 -.063 .103 .331 
content knowledge (TP ACK). This 
knowledge includes knowledge of how to 
integrate the use of educational 
technologies effectively into curriculum-
based learning.(TP ACK) 
43. An understanding of how to integrate .733 .234 .297 -.075 .097 -.006 
technology to build upon students_ prior 
knowledge of subject matter 
topics.(TPACK) 
27. The skills and understanding needed .732 .184 .173 .087 .180 -.087 
to reconfigure technology and apply it to 
meet instructional needs.(TPK) 
42. An understanding of what makes .731 .159 .184 .247 .211 .020 
certain concepts difficult to learn for 
students and how technology can be used 
to leverage that knowledge to improve 
student learning.(TPACK) 
41. Teaching methods that use .705 .318 .098 .121 .067 .308 
technology to teach content and provide 
opportunities for learners to interact with 
ideas.(TPACK) 
39. The knowledge and skills necessary .674 .193 .076 .155 .215 .343 
to flexibly incorporate new tools and 
resources into content and my teaching 
methods to enhance learning,(TP ACK) 
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35. The knowledge ofhow to effectively .657 .163 -.197 .126 .148 .267 
integrate educational technologies to 
increase student opportunities for 
interaction with ideas.(TP ACK) 
44. An understanding of not just know .629 .153 .254 -.050 .242 .137 
how to operate classroom technologies, 
but of the knowledge needed to 
incorporate technologies into my 
particular content area or grade level to 
enhance student learning.(TP ACK) 
Technological Pedagogical Knowledge (TPK) 
28. An understanding that in certain .213 .814 .087 .090 -.019 .079 
situations technology can be used to 
improve student learning.(TPK) 
23. An understanding of how teaching and .194 .716 .065 .193 .148 -.057 
learning change when particular 
technologies are used.(TPK) 
25. An understanding ofhow to adapt .362 .713 .232 -.031 .255 .196 
technologies to better support teaching and 
learning.(TPK) 
24. An understanding of how technology .285 .700 -.128 .125 .222 .219 
can be integrated into teaching and learning 
in order to help students achieve specific 
pedagogical goals and objectives.(TPK) 
5. Knowledge ofhardware, software, and .381 .506 .183 -.165 .128 .073 
technologies that I might use for 
teaching.(TK) 
Pedagogical Knowledge (PK) 
4. The concepts and skills necessary to .085 .086 .764 .231 -.015 -.004 
motivate students to learn.(PK) 
2. Knowledge of the practices, strategies, .120 .031 .697 .183 .132 .372 
and methods of teaching I will use as a 
teacher.(PK) 
1. An understanding ofpedagogy, or .228 .017 .622 .117 .112 .389 
teaching methods (e.g., designing 
instruction, assessing students' 
learning).(PK) 
3. The knowledge and skills I will need in .148 .161 .600 .265 .132 .044 
assessing student learning.(PK) 
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Content Knowledge (CK) 
11. A comprehensive understanding of the -.023 .104 .136 .788 .071 .265 
subject matter I will need to teach.(CK) 
12. An understanding of how knowledge in .069 .106 .230 .783 .047 -.023 
my discipline is organized.(CK) 
13. Knowledge of preconceptions and .183 -.013 .307 .685 .156 .084 
misconceptions in my subject area, and 
how they can be addressed 
instructionally.(CK) 
Technological Knowledge (TK) 
10. The skills and understanding to decide .178 .032 .042 .361 .723 -.021 
where technology can be detrimental to 
achieving an objective.(TK) 
9. The skills and understanding to decide .140 .303 .120 .018 .692 .232 
where technology can be beneficial to 
achieving an objective.(TK) 
8. The understanding needed to recognize .200 .041 .018 .111 .679 .138 
that technology may support and improve 
everyday life and that it may not.(TK) 
7. The knowledge and skills to use .320 .279 .207 -.145 .649 .015 
technology to my everyday life.(TK) 
Pedagogical Content Knowledge (PCK) 
21. he skills and methods needed to provide .272 .034 .154 .012 .121 .670 
multiple representations of content in the 
form of analogies, examples, 
demonstrations, and classroom 
activities.(PCK) 
22. The strategies I will need to adapt .301 .094 .136 .112 .056 .629 
material to students_ abilities, prior 
knowledge, preconceptions, and 
misconceptions .(PCK) 
17. An understanding that there is a -.108 .335 .249 .379 .181 .612 
relationship between content and the 
teaching methods I use in the 
classroom.(PCK) 
Stepwise Reliability Analysis 
The research examined reliability analyses for each factor and the entire scale. 
Wille (1996) states, "The reliability of a measuring instrument refers to the strength of 
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the internal consistency between the individual measurements" (p. 24). Cronbach's 
Coefficient Alphas across all items suggested strong internal consistency (a= .952). 
Internal consistency between the individual factors was also high, with Coefficient 
Alphas as follows: TPACK, a= .903; TPK, a= .844; PK, a= .771; CK, a= .774; TK, a 
= . 7 4 7; PCK, a= .653. Full results from the adapted stepwise reliability analysis are 
provided in Table 4.5. DeVellis (2003) suggests that an alpha below .60 will be 
interpreted as unacceptable, and an alpha greater than .70 and .80 could be considered 
good. All but one of the factors showed what could be considered good internal 
consistency. The Cronbach's alpha for PCK (a= .653) was the only factor with a slightly 
weaker internal consistency. However, Garson (2010) suggests that an alpha level as 
lenient as .60 is acceptable. With this in mind, the alpha for PCK was determined 
adequate. 
Table 4.5. Results of stepwise reliability analysis for adapted PT-TPACK survey 
Latent Variable Adapted Instrument Items 
Technological Pedagogical Content Knowledge 27, 35, 39, 41-45 
(TPACK) 
Technological Pedagogical Knowledge (TPK) 
Pedagogical Knowledge (PK) 
Content Knowledge (CK) 
Technological Knowledge (TK) 
Pedagogical Content Knowledge (PCK) 
Confirmatory Factor Analysis 












Following the exploratory factor analysis, confirmatory factor analysis (CPA) was 
conducted using Lisrel8.8 (Joreskog & Sorbom, 2007). According the Bangert (2003), 
confirmatory factor analysis is, "conducted to test the stability and replicability of the 
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latent model produced by the exploratory factor analysis" (p. 236). This analysis was 
based on the six-factor TPACK structure estimated in exploratory factor analysis using 
PASW Statistics 18.0 (SPSS, 2009). The CFA was conducted using maximum 
likelihood estimation (MLE). 
Results from the LISREL output indicated that the hypothesized 27 -item TP ACK 
measurement model identified by the exploratory analysis represented a good fit to the 
estimated population model. Byrne (1998) and others (Bentler, 1992; MacCallum, 
Browne & Sugarwara, 1996) suggest that the Root Mean Square Error of Approximation 
(RMSEA), the Comparative Fit Index (CFI) and the Non-Normed Fit Index (NNFI) 
provide optimal information for evaluating model fit. Bangert (2006) states, "The 
RMSEA has been recently recognized as one of the most informative indices of fit 
because it provides a value that describes the discrepancy or error between the 
hypothesized model and an estimated population model derived from the sample". In 
addition, Wille recommends, "The RMSEA does not depend on the sample size and 
therefore does not take into account the fact that it is unwise to fit a model with many 
parameters if n is small" (p. 20). Both the CFI and NNFI for the hypothesized TP ACK 
measurement model were 2:.90 (CFI = 1.0, NNFI = 1.0) with the RMSEA equal to .013. 
CFI and NNFI values greater than .90 are indicative of a good model fit (Bryne, 1998). 
RMSEA values less than .05 are indicative of a close fit, values ranging from .05 to .08 
are indicative of a reasonable fit, with values > .9 considered a poor fit (Browne & 
Cudeck, 1993; McCallum et al., 1996). These results suggest that the six factor TPACK 
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measurement model is a not only a good fit but a "close fit" to the estimated population 
model (See Figure 4.1). 
LISREL output showed that the TP ACK model did fit with the acceptable range 
of parameter estimates and there were no noncovergence warnings noted. Goodness of fit 
tests for the model were then assessed. Netemeyer, Bearden, and Sharma (2003) state, 
"Most of these indices assess the degree to which the observed covariances in the data 
equate to the covariances implied by the data" (p. 151 ). The three fit indices analyzed in 
CF A were the root-square-mean-error-approximation (RMSEA), the comparative fit 
index (CFI), and non-normed fit index (NNFI). Both the CFI and NNFI were 2: .90 (CFI 
= 1.0, NNFI = 1.0). Bangert (2006) states, "CFI and NNFI values greater than .90 are 
indicative of a good model fit. The RMSEA was::; .1 0 (RMSEA = .013), well below the 
. 05 suggested threshold. This suggests the six-factor TP A CK model identified in EF A is 
a superior fit ;{3o9= 704.71,p < .001 (See Figure 4.1). Results from the RMSEA, CFI, 
and NNFI fit indices for the PT-TPACK survey are reported in Table 4.6. 
Table 4.6. PT-TP ACK fit indices with recommended thresholds 
Recommended PT-TP ACK 
Fit Index Thresholds Results 
Root -square-mean-error -approximation (RMSEA) < .10 .013 
Comparative Fit Index (CFI) > .90 1.0 
Non-Normed Fit Index (NNFI) 2: .90 1.0 
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In conclusion, the evidence collected during this study proposes that the 
instrument is both valid and reliable. The factor structure that emerged shows a superior 
model fit, as did the goodness-of-fit indices analyzed. The RMSEA was equal to .013, 
and both the CFI and NNFI were~ .90 (CFI = 1.0, NNFI = 1.0). Internal consistency 
between the individual factors was also strong. The resulting coefficient alpha statistics 
suggest instrument reliability (TPACK, a= .903; TPK, a= .844; PK, a= .771; CK, a= 
.774; TK, a= .747; PCK, a= .653). Six of the seven widely accepted hypothesized 
TPACK dimensions emerged in the factor structure. Technological content knowledge 
(TCK) was the only dimension in the TPACK constructed specified a priori that did not 
emerge. 
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CHAPTER FIVE: DISCUSSION 
Introduction 
Technological pedagogical content knowledge (TPACK) is a framework that could be 
used to structure technology instruction to new teachers. However, Cox (2007) suggests 
a number of gaps exist in regard to TPACK research. She states that the several studies 
conducted with pre-service teachers and TPACK have been purely descriptive, have 
taken place in a methods or other program course not related to technology, or have been 
either too detailed or simplistic to be considered valuable (p. 19). The examination of 
the theoretical basis of technological pedagogical content knowledge to develop the Pre-
service Teacher- Technological Pedagogical Content Knowledge Survey (PT-TPACK 
Survey) completed in this research contributes to filling these gaps. The PT-TPACK 
Survey is an instrument constructed to measure self-perceptions of TP ACK in pre-service 
teachers providing a tool to measure reliably this concept that has resonated so widely 
with educators. Data supporting this resonance is present in the volume of recent of 
publications, presentations, research, and activities related to TPACK. The March/April 
2010 edition of the TPACK Newsletter (Mishra, 2010) reports on over 13 recent 
published articles or chapters on TPACK, four recent TPACK-related dissertations, and 
34 papers, presentations, poster sessions and symposia related to TPACK presented at the 
2010 SITE Conference in San Diego, CA. This work suggests TPACK provides a useful 
conceptualizing of 21st century understanding and 21st century technology-infused 
education. 
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Methods and Results 
The goals of this study were: 1) Analyze the constructs ofTPACK for better 
understanding of the different domains of teacher knowledge it addresses, and 2) develop 
a validated, reliable instrument that measures pre-service teachers' understandings of 
their own TPACK. The study accomplished these objectives through a process of 
systematic and rigorous instrument validation. First, data analysis has led to a deeper 
understanding of the underlying dimensions and TP ACK. Secondly, data analysis has 
resulted in a validated and reliable instrument to measure understandings of TP ACK in 
pre-service teachers. 
The research questions originally proposed for this study were: 
1. What are the underlying dimensions of the PT-TP ACK Survey? 
2. Do the PT-TPACK Survey items reliably measure the seven constructs 
presented by Mishra and Koehler (2006) in describing TPACK? 
In response to the first research question about the underlying TPACK 
dimensions, six of the seven a priori hypothesized TPACK dimensions were present in 
the participants' understandings ofTPACK. Data analysis in exploratory factor analysis 
during this research showed that items related to technological content knowledge (TCK) 
diminished the favorable factor structure of the Pre-service Teacher Technological 
Pedagogical Content (PT-TPACK) instrument. The TCK items either crossloaded or had 
factor loadings of less than .500 and were not retained for interpretation. This suggests 
that the items that were designed to address TCK did so inconsistently and inaccurately, 
or that the TCK dimension is not present in the TP ACK understandings of the sample 
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population. Comparatively, evidence from this research suggests that PT-TPACK items 
that addressed the other TPACK dimensions (TK, CK, PK, and TPK) consistently and 
accurately measured each dimension. Items that addressed the overall TP ACK construct 
had a Cronbach's alpha (a= .903) and exhibited very strong factor loadings, ranging 
from .774 to .629. 
In response to the second research question about the validity and reliability of the 
PT-TP A CK survey, data analysis indicates strong validity and reliability of the final 
instrument (Appendix V). Data collection and analysis included pilot studies, an 
understandability study, expert review, full-scale survey implementation, and subsequent 
factor analysis and reliability measures. Results from data analysis suggest a superior 
model fit for the PT-TPACK items, and strong reliability measures between items, 
dimensions, and TPACK as a whole. 
Implications for Theory and Practice 
This research has potential to influence current thoughts about the widely 
accepted theoretical dimensions of TP ACK and how TP ACK should be used to address 
teacher education. The finding that TCK did not emerge in the factor model during factor 
analysis suggests that more refinement to the theoretical model is needed. This includes 
the need to more deeply examine the interplay between pedagogy and content. In terms 
of practical implications, the PT-TPACK Survey provides a data-gathering tool to help 
researchers and practitioners better understand the construct and use it to improve 
educational technology instruction in teacher education. 
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Implications for Theory 
Six of the seven a priori hypothesized TPACK dimensions were present in the 
resulting factor structure. These include: pedagogical knowledge (PK); content 
knowledge (CK); technology knowledge (TK); pedagogical content knowledge (PCK); 
technological pedagogical knowledge (TPK); and technological pedagogical content 
knowledge (TPACK). However, the items that addressed TCK either cross-loaded or 
resulted in low factor loadings. TCK is knowledge of how subject matter is transformed 
by application of a specific technology. When defining TCK, Koehler and Mishra (2008) 
state that, "Teachers need to understand which specific technologies are best suited for 
addressing subject-matter learning in their domain and how the content dictates or 
perhaps even changes the technology- or vice versa" (p. 15). This suggests that TCK is 
a higher level of understanding where learning objectives drive technology choices rather 
than teachers selecting the technology at hand or the technology du jour and integrating 
those tools regardless of the goodness of fit. After item reduction in exploratory factor 
analysis and removal of all items related to TCK produced the strong structural model. 
This discrepancy, or suggested lack of the presence of TCK in pre-service teachers' 
perceptions, could be due to the fact that pre-service teachers simply do not develop TCK 
during their training. 
In many contexts other than teaching, it is hypothesized that the TCK dimension 
would exist. For example, a web designer would appropriately consider the impact the 
content of a site would have on the web development technology. Certain web 
technologies are better suited for certain types of content than others. A backend 
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database and dynamic coding language might be more appropriate for text-based, 
database-driven content. Alternatively, Flash might be better suited for digital video and 
interactivity. Thus, a web developer would benefit from a strong TCK. 
TCK did not manifest in the context of this research. It may be that teachers do 
not have an understanding of the technologies best suited for addressing content that is 
void of pedagogical considerations. At the very least, this is likely the case for the 
respondents in this PT-J:PACK study who are trained to consider the impact of their 
curricular choices on teaching and learning. Participants' understandings of the domains 
of teacher knowledge are constantly influenced by a knowledge of pedagogy, and with 
pre-service teachers that is understandably limited by their lack of experience. As a 
result, these new teachers will rely on knowledge of pedagogy when considering the 
intersection of technology and content in the classroom. It would be erroneous then to 
believe a teacher could consider the intersection of content and technology and make 
subsequent curricular and instru~tional decisions without considering pedagogy. In fact, 
a position arguing that a teacher can have knowledge of the intersection of technology 
and content would contradict some of the original ideas about teacher knowledge. 
If the dimension of TCK is considered to be a central component of teacher 
knowledge as hypothesized in the TPACK literature, we are at risk of a missing 
paradigm: pedagogy. Shulman (1986), who brought widespread attention to the idea of 
pedagogical content knowledge (PCK) in teachers, argued that considering content void 
of pedagogy is a risky position to take. In his article, Shulman refers to lack of attention 
on content knowledge as "the missing paradigm" (p. 6). He claims, "The consequences 
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of this missing paradigm are serious, both for policy and for research" (p. 6). 
Fortunately, this needed emphasis on subject matter knowledge, coupled with 
pedagogical knowledge, has seemingly taken hold. The "missing paradigm" is no longer 
missing. Shulman also asks, "Has it always been asserted that one either knows content 
and pedagogy is secondary and unimportant, or that one knows pedagogy and is not held 
accountable for content?" (p. 6). He even goes as far as sharing insight into accounts of 
a medieval university where no distinction was made between cqntent and pedagogy. He 
summarizes the importance of this position by stating, "Content and pedagogy were part 
of one indistinguishable body of understanding" (p. 4). To suggest that a teacher would 
think about technology integration and the impact on the subject matter without 
considering the influence of the art and science of teaching would be contradictory to 
Shulman's ideas about teacher knowledge. When a teacher is examining how technology 
influences the content, the theory and research suggest the strongest position is to 
integrate it with considerations of pedagogy to avoid creating a new missing paradigm. 
The lack of presence of TCK might possibly be due to the structured nature of a 
teacher preparation program that emphasizes subject matter knowledge, pedagogical 
knowledge, and the intersection of the two. By reinforcing the importance of this 
concurrent consideration of pedagogy and content (PCK), it might be challenging or 
impossible for a pre-service teacher to accurately assess their technological content 
knowledge (TCK) without being influenced by their pedagogical knowledge (PK). 
Alternatively, this phenomenon could be the result of the fact that pre-service teachers are 
prevented from developing TCK. In other words, a pre-service teacher might simply not 
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have sufficient opportunities to think about and consider technology and content without 
contemplating how it is influenced by pedagogy. Synthesizing the three is, as Mishra and 
Koehler (2008) suggest, a "wicked problem" (p. 10). Perhaps as online learning resources 
become more' prevalent, TCK may emerge more clearly in that domain. 
Despite the critique of PCK without TCK, a teacher education program that does 
not address TCK need not be considered deficient. In fact, the lack of recognition of 
TCK could be a hallmark of a strong teacher education program. This design would 
indicate an emphasis on content, pedagogy, and technology, and would be consistent with 
an emphasis on product and process. Shulman (1986) further reinforces this position 
when he shares his vision for teacher education programs. He states, "I envision the 
design of research-based programs of teacher education that grow to accommodate our 
conceptions of both process and content" (p. 13). Pre-service teachers deliberately and 
consistently look at the interworkings and relationships between their knowledge of 
teaching and learning, knowledge of content, and knowledge of technology. In a 21st 
century classroom, technology may be an integral component evolving into an 
"indistinguishable body of knowledge" (p. 4). Shulman's ideas of pedagogical content 
knowledge define this indistinguishable body of knowledge, now further evolved with 
TPACK. 
A final observation to make about the implications of this research to theory is the 
similarity between the evolution ofTPACK and Cuban's (1986) cycle of technology 
adoption. According to Cuban, the relationship between educators and technology has 
historically been marred by a cycle of "exhilaration/scientific-
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credibility/disappointment/teacher-bashing" (p. 5-6). The cycle begins with enthusiasm 
and, "claims predicting extraordinary changes in teacher practice and teacher learning" 
(p. 4). Following the introduction of a new technology, scientific inquiry is conducted to 
examine the efficacy of the innovation. However, these studies are often carried out by 
those who stand to profit from findings of effectiveness and thus, as Cuban claims (1986; 
2001), are frequently biased and flawed. This is followed by "scatterings of complaints" 
and "technical imperfections", where experience introduces flawed methods or 
shortcomings to the technology (p. 5). The complaints and technical imperfections often 
lead to poor results and then to less frequent use of the technology by teachers. The final 
stage of the cycle is "teacher bashing", where teachers are blamed for failure (p. 5). 
With Cuban's cycle in mind, it could be argued that the current state ofTPACK 
as a tool for pre-service teacher education now resides in the stages of scientific-
credibility. Researchers are collecting data, developing instruments and tools to better 
analyze the construct, and building an understanding of the implication for teacher 
preparation. Technical imperfections have arisen with the absence of the a priori 
dimension of TCK as suggested in this research. However, the fmdings on the other 
dimensions could be used as the foundation for scientific credibility of TP ACK, as well 
as facilitating researchers and practitioners in better operationalizing the concept. By 
adhering to the Tesearch findings that are embedded in teacher's or pre-service teacher's 
knowledge, the implications of TP ACK may be able to avoid poor performance and 
subsequent "bashing" that comes from technology proposals by non-teachers. However, 
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further research should be undertaken to empirically refine the TP ACK model and avoid 
the disappointment and criticism of previous technology introductions. 
Implications for Practice 
The PT-TP ACK survey could be used on multiple levels for instructional and 
program improvement. The instrument could be employed as a metacognitive, reflective 
tool for pre-service and inservice teachers to help them better understand their own 
TPACK. In addition, the PT-TPACK survey could be used to collect data for analysis 
within teacher education program, as well as across institutions. Results could be used to 
provide substance for program evaluation and curricular changes to improve educational 
technology instruction in teacher education. 
At the pre-service teacher level, the PT-TPACK survey could be employed as a 
reflective tool to help new teachers better understand their own perceptions about 
TPACK. Hammemess, Darling-Hammond, and Bransford (2005) suggest, "helping new 
teachers learn about and reflect upon the multidimensionality and simultaneity of 
teaching (Jackson, 1974) is clearly important" (p. 378). The PT-TPACK could facilitate 
this reflection on the multidimensionality and simultaneity of classroom practice. 
Although triangulation of multiple data points will be principal in developing a complete 
understanding of a pre-service teacher's TP ACK, one of these data is teachers' 
understanding of their own TPACK. The PT-TPACK could present useful data for this 
metacognitive process. In terms of the importance of the metacognitive process for 
teachers, Hammemess, Darling-Hammond and Bransford (2005) state, "Effective 
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teachers need to be metacognitive about their work. The more they learn about teaching 
and learning the more accurately they can reflect on what they are doing well and what 
needs to be improved" (p. 376-377). Bransford, Brown, and Cocking (2000) describe the 
impact of metacognition on learning by stating it, "can help students learn to take control 
of their own learning by defining learning goals and monitoring their progress in 
achieving them" (p. 18). The PT-TPACK could provide a metacognitive tool that would 
allow new teachers to see the current state of their understandings of TPACK, and use 
this as a basis for improving and evolving their TPACK over time. 
At the program level, the instrument could provide insight into the strengths and 
weaknesses of a teacher preparation program aimed at guiding pre-service teachers 
toward developing TPACK. The PT-TPACK instrument could be used formatively 
during the teacher preparation sequence in order to better understand when and where 
understandings ofTPACK in pre-service teachers are evolving. The PT-TPACK could 
also be used at the teacher education program level to gather data about pre-service 
teachers' understandings of the different domains of teacher knowledge. Responses to 
items that focus on a dimension of TPACK like pedagogical knowledge or content 
knowledge coupled with demographic data such as year in school, discipline, or type of 
field experience, could be used to diagnose curricular shortcomings. For example, ifPT-
TPACK data shows that pre-service teachers enrolled in an elementary education 
program do not perceive strong pedagogical knowledge, such results might suggest that 
an evaluation of pedagogical courses in the curriculum like assessment or differentiated 
instruction classes may lead to improvement. Although other sources of data about the 
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curriculum and students would be necessary to make accurate and appropriate curriculum 
and instructional changes, the PT-TPACK survey could provide key data in identifying 
and addressing shortcomings in the teacher preparation program. 
On a broader scale, the PT-TPACK survey could be used to compare data across 
teacher education programs. Because there exists a wide array of designs for programs 
that prepare teachers to use technology, the PT-TP ACK could be useful in providing a 
foundation for these comparisons. For example, if data from one teacher education 
program suggests that pre-service teachers' understandings of TP ACK grow significantly 
between a required educational technology course and student teaching, further analysis 
of that required course could be beneficial for another institution struggling to see growth 
in pre-service teachers' TPACK across the curriculum. 
Limitations 
Several limitations for the PT-TP ACK instrument development research exist. 
Firstly, the number of participants in the study sample was limited. De Vellis (2003) 
suggests that with a small sample, or less than 300 subjects, "the development sample 
may not represent the population for which the scale is intended" (p. 89). MacCallum, 
Widaman, Zhang, and Hong (1999) report on the wide array of suggestions in the 
literature on sample size. They suggest a recommended ratio of the sample, or n, and the 
number of survey items, or p, being analyzed. They state, "These guidelines are stated in 
terms of either the minimum necessary sample size, N, or the minimum ratio of N to the 
number of variables being analyzed, p" (p. 84). These suggestions range from ann of 
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100 to 200, up to 500. In other cases, recommendations for the n:p ratio range of 3 to 6, 
to at least 5 or 10 (p. 85). Based on these recommendations, then for the PT-TPACK 
study might be considered low, but not so low as to invalidate its usefulness. The PT-
TPACK n was 120, which falls within the recommendations in the literature. The n:p fell 
slightly short of the recommendation (n = 120; p = 45; n:p = 2.67). However, several 
components of the methods and results of the PT-TP ACK validation process lessen the 
impact of the lower n and n:p ratio. One method is to examine what MacCallum, 
Widaman, Zhang, & Hong (1999) refer to as the "communalities" of the variables of an 
instrument. The communality of a variable is the portion of the variance of that item that 
is accounted for by a TPACK dimension. Communalities for the PT-TPACK were 
consistently high, with only item number 4 falling below the threshold of .5 as suggested 
by MacCallum, et al. (1999). Communalities on all other items were .6 or greater (See 
Table 4.5). 
A second limitation of this research is in regard to the generalizability of the 
study. The study required the researcher to balance the priorities of creating a 
generalizable instrument that was developed with a consistent, homogeneous sample. 
The sample was selected to avoid end results that could be due to idiosyncratic 
differences in the sample population. Of the 120 pre-service teachers who participated in 
the study, 42 were nearing completion of a required educational technology course, and 
78 had recently completed the course the previous semester. The results of the study are 
intended to be applicable beyond the context of pre-service teachers who just completed 
the particular foundations in educational teclmology course that the entire sample shared. 
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However, in order to most effectively build a case for instrument validity, data collection 
and analysis has to be based on a homogeneous sample population so as to lessen 
concerns that confounding variables within the sample population would mitigate the 
reliability and validity. Netemeyer, Bearden, and Sharma (2003) state, "it is preferable 
to use a sample from a relevant population of interest" (p. 117). Because of these issues 
with sample homogeneity, the results might not be generalizable beyond the relevant 
population suggesting the need for further sampling. 
A third limitation of the research is that the results rely heavily on self-reported 
data. This type of data can be highly subject to bias. On the survey, pre-service teachers 
were asked to indicate to which level they agree with a statement about their teacher 
education program. A possible drawback of this design is that the participants could be 
responding to the questions based on how they think the survey administrators and 
teacher education program expect them to respond. This systematic bias could influence 
the participants' responses, thereby influencing instrument validity and reliability. 
Research indicates that a number of other influencing factors can impact student 
responses on course evaluations. These limitations include that evaluations are 
influenced by extraneous factors such as textbook cost, attendance policies, disposition 
toward an instructor and expected course grade, require students to infer beyond their 
knowledge and experience, anrl: gender and age of the instructor (Germain & Scandura, 
2005; Read, Rama, & Raghunandan, 2001; Sprinkle, 2008). These limitations could also 
be influencing factors for the results of the PT-TP ACK instrument. 
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A fourth limitation of this research is the number of items in the final item pool. 
Although data reduction is a primary goal of exploratory factor analysis, the item pool 
was reduced from 45 initial items to 27 (Appendix V). In terms of the size of the initial 
item pool, Netemeyer, Bearden, and Sharma (2003) suggest "a larger number is 
preferred, as overinclusiveness is more desirable than underinclusiveness" (p. 102). It is 
important to consider that there is a possible impact of the removal of the 18 items. 
Further research could include a closer examination of the removed items, with close 
attention to the types of questions asked and major concepts within the dimensions the.y 
address. 
A final limitation of the study is in the disparity of types of field experiences in 
which participants had engaged. During the observation phase of their teacher education, 
participants in this study are simply participant observers. During student teaching, they 
are actively involved in lesson planning, teaching, assessing, and managing the class in 
their placement. Only 11% of participants were actively completing their student 
teaching requirement, while 64% had only completed their classroom observations, 
Although the sample is considered generally homogeneous, it should be recognized that 
field experience heavily influences a pre-service teacher's understandings about 
technology integration (Bryzcki and Dudt, 2005; Dawson & Dana, 2007; Strudler & 
Grove, 2001). 
Recommendations for Further Research 
Based on the findings from this study, there are several areas of recommended 
further research. These suggestions include further testing with a larger sample size, 
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studying the impact of additional variables such as student bias, field experience level, 
and discipline and grade level in which the pre-service teachers wishes to teach, and the 
development of a professional examination that measures pre-service teachers' actual 
TPACK instead of perceptions of the construct. 
First, research should include further instrument validation with a larger sample 
size. Although the 120 participants fall within the thresholds suggested by the literature, 
additional testing with more pre-service teachers should be conducted. MacCallum, 
Widaman, Zhang, and Hong (1999) report on recommendations for the n:p ratio to be at 
least 5 or 10 (p. 85). With 27 survey items in the final pool, a sample size ranging from 
125 to 250 would be more appropriate. 
Secondly, it would be prudent to further examine the impact of several population 
variables. Further research should study the possible impact of student bias. Participants 
could be responding to the questions based on how they think the survey administrators 
expect them to respond. And if students respond to the survey as if it were an evaluation 
of educational technology faculty or of the teacher education program in general, the 
power of the results would be diminished. Additional research is also needed to evaluate 
if field experience level, grade level, and discipline the effect the validity and reliability 
of the instrument. Research could examine whether a student with little to no field 
experience responds differently than a pre-service teacher who is enrolled in or 
completed student teaching. Further research could also evaluate whether elementary 
education students respond to the instrument differently than secondary education 
students, and if those students in secondary education respond differently based on their 
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specific discipline of study. For example, students who are social studies majors might 
have more exposure to technology through their methods classes than those students who 
plan to teach mathematics, and as a result respond differently to the PT-TPACK. 
A third area of additional research should include a deeper examination of the 
removed items and final scale. Research could consider the types of questions that were 
removed, including the major concepts within the dimensions they address. If the 
questions that address technological knowledge are missing key concepts, that should 
noted. Or if the items that address pedagogy do not address key concepts such as 
assessment, it should also be noted. By nature, TPACK includes not only the 
hypothesized dimensions like PCK, but also any number of individual concepts and ideas 
like the ability to troubleshoot, be flexible, and properly manage a classroom. If these 
core concepts are missing from the final scale, it may not be addressing TPACK. Further 
research could include a secondary review of the final scale, as well as an expert review, 
to conclude whether or not the final27-item instrument still comprehensively addresses 
the key concepts of TPACK in individual dimensions. 
New instrument development is needed to compliment the current state of the PT-
TP ACK survey. The PT-TPACK survey was designed to measure pre-service teachers' 
understandings of their own TPACK. It is not a criterion-referenced instrument used to 
gauge a pre-service teachers' actual TPACK. These are two distinct purposes: one 
designed to measure self-reporting understandings and perceptions; the other designed to 
measure how developed someone's behavior in practice as compared to critelia 
established that could assess whether one has a "strong" or "weak" TPACK. 
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Consequently, there exists a need to develop an instrument or process that accurately 
measures a pre-service or in-service teacher's TPACK. This exam could be similar to 
other professional examinations similar to computer- or paper-delivered Praxis IT that is 
used to measure subject-specific content knowledge, as well as general and subject-
specific teaching skills (Educational Testing Service, 2010). Shulman (1986) made a 
similar call to action for appropriate professional examinations that can accurately 
account for the interactions between content and pedagogy. He asserts, 
"First, we can begin to conceive differently of how professional 
examinations for teachers might be organized and constructed. I firmly believe 
that we must develop professional examinations for teachers, though their 
existence will constitute no panacea. They must be defined and controlled by 
members of the profession, not by legislators or layperons. They must reflect an 
understanding that both content and process are needed by teaching professionals, 
and within the content we must include knowledge of the structures of one's 
subject, pedagogical knowledge of the general and specific topics of the domain, 
and specialized curricular knowledge" (p. 13). 
It is interesting that Shulman calls for educators to develop the professional exams, not 
"legislators or laypersons". This parallels one of the reasons research suggests for the 
failure of earlier educational technologies like television or f11.m (Cuban, 1986). 
Historically, it is the policymakers, not teachers and educators that have made the 
decisions about technology that are trumpeted to improve classroom practice. However, 
without teachers in charge, the interventions by non-teachers typically fall short (Cuban, 
1986, 2001; Koehler & Mishra, 2008; Saettler, 1990). 
The development of professional examinations with similar goals to that of 
Shulman's 1986 plea offers potential benefits to the field. A measurement like a field 
observation protocol needs to be created that is capable of assessing content and process 
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with the added dimension of technology. This instrument would need to go beyond 
assessing perceptions and understandings of TP ACK, and instead measure the knowledge 
and skills in practice needed to effectively integrate technology. However, more data 
points than a simple survey or paper-based evaluation would be needed to develop a 
complete understanding of a pre-service teacher's actual TPACK. It would be necessary 
to couple results from an instrument like the PT-TP ACK with such an observation and 
evaluation protocol used by cooperating teachers and university supervisors. Inter-rater 
reliability would need to be addressed to ensure that all observers are reliably and 
accurately collecting data on a pre-service teacher's level of technology integration and 
TPACK. Understanding how new teachers are putting their TPACK into practice is a 
critically important data point in understanding their abilities to integrate technology and 
enhance student learning. 
Conclusion 
TPACK is a multi-dimensional construct that can provide teacher educators a 
framework to address technology teaching with technology. Most importantly, the 
framework suggests that it is incumbent upon teacher educators to guide pre-service 
teachers toward understanding how technology, subject matter, and pedagogy interact. 
This could result in teachers who have obtained Shulman's (1986) cohesive, 
"indistinguishable" body of understanding. The results from this study indicate that the 
PT-TP ACK survey is valid and reliable. Further, results challenge the inclusion of the 
TCK in the TP ACK construct. At the same time, findings provide evidence for the 
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presence ofthe other dimensions in this research: TK, PK, CK, PCK, TPK, and TPACK. 
Guiding pre-service teachers toward developing a deeper understanding of how 
their knowledge of content, pedagogy, and technology interact has the potential to 
produce practitioners more cognizant of the impact each dimension has on classroom 
practice. The PT-TP ACK survey could function as a data collection tool to strengthen 
these understandings in pre-service teachers and inform decisions about technology 
integration based on knowledge of teaching and learning and rooted in content. If the 
TP ACK framework is ignored in teacher preparation, the teacher education program risks 
producing teachers who select technology by convenience or faddishness rather than as 
an integral element of a larger concept devoted to education, that is, TP ACK, or reject it 
because they cannot see its utility. Practitioners might not be aware ofthe impact their 
technology integration has on the subject matter, classroom practice, and ultimately 
student learning. This could create an environment where teachers make use of 
technology simply because it is there, without rationale, and no awareness of leveraging 
technology to support and improve student learning. TPACK and the PT-TPACK 
survey support thoughtful, and meaningful technology integration where the technology 
tools and resources are used to directly facilitate meeting stated learning objectives. 
Using TPACK as a framework for decision-making, a teacher preparation program could 
better guide pre-service teachers in gaining understanding of the holistic concept of 
pedagogy, content, and technology, ultimately improving the teaching and learning 
process. 
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Appendix I. Initial TPACK Study 
Technological Pedagogical Content Knowledge in Pre-service Teacher Education 
Thank you for taking the time complete this survey and share your thoughts. The following items 
are part of a larger survey being developed to measure perceptions of and experiences with 
technological pedagogical content knowledge (TPACK) in pre-service teachers. 
Instructions 
Please read each item carefully and then rate to what extent you agree with the statement using 
the scale below. In addition, please respond to the questions next to each item regarding the 
understandability of each question, whether the scale provided was adequate for answering the 
question, whether or not you felt the question was loaded (Did it only have one possible 
·response?). Finally, please provide any additional comments about the understandability of the 
question or any suggestion·s that may strengthen it. 
Using the following scale, to what extent do you agree with the statement below? 






My teacher preparation education prepared me with: 
1. A clear understanding of what is meant 
by the terms pedagogy. 
2. The practices, strategies, and methods of 
teaching and learning I will use as a 
teacher. 
3. A clear understanding of the goals I have 
for myself as a future teacher. 
4. The skills to think and work on the 
pedagogy appropriate to the 
grade/subject area in which I plan to 
teach. 
5. The concepts and skills I will need in 
assessing and evaluating student 
learning. 
6. The concepts and skills necessary to 
motivate students. 
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7. A clear knowledge of computer hardware 
Yes No 
and software 
8. The knowledge and skills to troubleshoot 
Yes No 
when technology problems arise. 
9. The skills to apply technology to my 
Yes No 
everyday life. 
10. The understanding needed to recognize 
when technology may support and 
Yes No 
improve everyday life and when it may 
not? 
11. The skills and understanding to recognize 
situations where technology can be Yes No 
beneficial to achieving an objective. 
12. The skills and understanding to recognize 
situations where technology can be Yes No 
detrimental to achieving an objective. 
13. A comprehensive understanding of the 
Yes No 
subject matter I will need as a teacher. 
14. A clear understanding of how knowledge 
Yes No 
in my subject area is organized. 
15. How about: knowledge of common 
misconceptions in my subject area, and 
Yes No 
how they may be reversed through 
teaching? 
16. The skills and concepts needed to explain 
to my students why a concept in my Yes No 
subject area is worth knowing. 
17. The connections between the different 
Yes No 
domains in my subject area. 
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18. The skills and practices I will need to 
continue updating and improving my Yes No 
own understanding of the subject area. 
19. A clear understanding of how course 
content and pedagogy influence one Yes No 
another. 
20. The understanding required to anticipate 
and address students' preconceptions and Yes No 
misconceptions. 
21. A clear understanding of what makes a 
certain topic or concept easy or difficult Yes No 
to learn. 
22. The strategies and methods I will need 
when helping students reorganize their Yes No 
understanding of a topic. 
23. The skills and practices needed to 
provide multiple representations of 
content in the form of analogies, Yes No 
examples, demonstrations, and classroom 
activities. 
24. The strategies and methods I will need to 
adapt material to students' abilities, prior Yes No 
knowledge, and preconceptions. 
25. A clear understanding of how teaching 
and learning changes when particular Yes No 
technologies are used. 
26. A clear understanding of how technology 
can support specific pedagogical goals Yes No 
and objectives. 
27. A clear understanding of how to be 
creative with my use of technology to Yes No 
support teaching and learning. 
28. A clear understanding of the need to be 
flexible with my use of technology to Yes No 
support teaching and learning. 
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29. The skills and understanding needed to 
reconfigure technology and apply it to 
Yes No 
meet my needs as teacher and my 
students needs as learners. 
30. A clear understanding of how technology 
can be used to improve student learning Yes No 
and understanding. 
31. The skills and practices to select and 
integrate technological tools appropriate Yes No 
for use in specific content areas. 
32. A clear understanding that the choice of 
technologies affords and constrains the Yes No 
types of content ideas that can be taught. -
33. A clear understanding that some content 
decisions can limit the types of 
Yes No 
technology that can be integrated into 
teaching and learning. 
34. The skills necessary to use technology to 
provide multiple and varied Yes No 
representations of the same content. 
35. A comprehensive understanding of 
which specific technologies are best 
Yes No 
suited for addressing particular learning 
objectives. 
36. The skills and practices needed to 
integrate technology to provide increased 
Yes No 
flexibility when addressing and teaching 
to specific learning objectives. 
37. The capability to concurrently consider 
subject matter and teaching strategies 
combined with knowledge of how 
Yes No 
technology can be used to present the 
content in varied forms that increase 
opportunities for interaction with ideas. 
38. Many different opportunities to teach 
Yes No 
with technology. 
39. A clear knowledge of appropriate 
instructional strategies compatible with 
Yes No 
the implementation of technology-
enhanced learning activities. 
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40. The ability to determine why a 
technology resource may fit with one Yes No 
learning situation, and not for another. 
41. The skills necessary to flexibly 
incorporate new resources into 
Yes No 
knowledge of my discipline in ways that 
enhance learning, 
42. A comprehensive understanding that 
technology can be used to represent 
Yes No 
content in a variety of formats and 
provide greater access to ideas. 
43. Developed pedagogical techniques that 
use technology to teach content and 
Yes No 
provide opportunities for learners to 
interact with ideas. 
44. The skills needed to develop knowledge 
of what makes certain concepts difficult 
Yes No 
or easy to learn and how technology can 
be used to leverage that knowledge. 
45. A clear understanding of how to integrate 
technology to build upon students' prior Yes No 
knowledge. 
46. A clear understanding of not just know 
how to operate classroom technologies, 
but of the knowledge needed to Yes No 
incorporate technology into my particular 
content area or grade level. 
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Was the scale (Strongly agree, agree, disagree, strongly disagree) you used to respond to the 
survey items adequate? Yes No 
If no, please comment: 
Were the items written so that only ONE answer was possible? ___ Yes --~No 
If no, please comment: 
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Do you have any additional comments on the survey? 
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Appendix II. Table of Specifications 
The following table shows what revised items are intended to correlate to what TP ACK 
dimensions. 
. 
My teacher preparation education prepared me with: 
TPACK Dimension: Pedagogical Knowledge 
1. A clear understanding of what is meant by the term pedagogy, or the 
strategies and methods of teaching and learning, including designing 
instruction and assessing student learning. 
2. The practices, strategies, and methods of teaching and learning I will use as 
a teacher. 
3. A clear understanding of the goals I have for myself as a teacher. 
4. The skills to think and work on the pedagogy appropriate to the 
grade/subject area in which I plan to teach. 
5. The concepts and skills I will need in assessing and evaluating student 
learning. 
6. The concepts and skills necessary to motivate students. 
TPACK Dimension: Technological Knowledge 
7. A clear knowledge of computer hardware and software 
8. The knowledge and skills to troubleshoot when technology problems arise. 
9. The skills to apply technology to my everyday life. 
10. The understanding needed to recognize when-technology may support and 
improve everyday life and when it may not? 
11. The skills and understanding to recognize situations where technology can 
be beneficial to achieving an objective. 
12. The skills and understanding to recognize situations where technology can 
be detrimental to achieving an objective. 
TPACK Dimension: Content Knowledge 
13. A comprehensive understanding of the subject matter I will need as a 
teacher. 
14. A clear understanding of how knowledge in my subject area is organized. 
15. Knowledge of common misconceptions in my subject area, and how they 
may be reversed through teaching? 
16. The skills and concepts needed to explain to my students why a concept in 
my subject area is worth knowing. 
17. The connections between the different domains in my subject area. 
18. The skills and practices I will need to continue updating and improving my 
own understanding of the subject area. 
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TPACK Dimension: Pedagogical Content Knowledge 
19. A clear understanding of how course content and pedagogy influence one 
another. 
20. The understanding required to anticipate and address students' 
preconceptions and misconceptions. 
21. A clear understanding of what makes a certain topic or concept easy or 
difficult to learn. 
22. The strategies and methods I will need when helping students reorganize 
their understanding of a topic. 
23. The skills and practices needed to provide multiple representations of 
content in the form of analogies, examples, demonstrations, and classroom 
activities. 
24. The strategies and methods- I will need to adapt material to students' 
abilities, prior knowledge, preconceptions, and misconceptions. 
TPACK Dimension: Technological Pedagogical Knowledge 
25. A clear understanding of how teaching and learning changes when particular 
technologies are used. 
26. A clear understanding of how technology can be integrated into teaching 
and learning in order to achieve specific pedagogical goals and objectives. 
27. A clear understanding of how to be creative with my use of technology to 
support teaching and learning. 
28. A clear understanding of the need to be flexible with my use of technology 
to support teaching and learning. 
29. The skills and understanding needed to reconfigure technology and apply it 
to meet my needs as teacher and my students needs as learners. 
30. A clear understanding of how technology can be used to improve student 
learning and understanding. 
TPACK Dimension: Technological Content Knowledge 
31. The skills and practices to select and integrate technological tools 
appropriate for use in specific content areas. 
32. A clear understanding that the choice of technologies affords and constrains 
the types of content ideas that can be taught. 
33. A clear understanding that some content decisions can limit the types of 
technology that can be integrated into teaching and learning. 
34. An awareness of how technology can be used to provide multiple and varied 
representations of the same content (for example, using web-based 
resources, audio resources like podcasts, and digital video and multimedia 
presentations to teach the same content). 
35. A comprehensive understanding of which specific technologies are best 
suited for addressing particular learning objectives. 
36. The skills and practices needed to be flexible when addressing specific 
learning objectives with technology. 
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TPACK Dimension: Technological Pedagogical Content Knowledge 
37. The capability to concurrently consider subject matter, teaching strategies, 
and know ledge of how technology :,can be used to increase opportunities for 
interaction with ideas. · 
38. Many different opportunities to·teach with technology. 
39. A clear knowledge of apprqpri_ate.i11structional strategies compatible with 
the implementation of techp.o!Qgy-enlianced learning activities. 
40. The ability to determine why a technology resource may fit with one 
learning situation, and not for aJ?Other. 
41. The skills necessary to flexibly incorporate new resources into knowledge of 
my discipline in ways that enhap.ce learning, 
42. A comprehensive understanding th_at technology can be used to represent 
content in a variety of formats,~nd provide greater access to ideas. 
43. Developed pedagogical techni_q~es that use technology to teach content and 
provide opportunities for learners to interact with ideas. 
44. A clear understanding of what-makes certain concepts difficult to learn for 
students and how technology can be used to leverage that knowledge and 
improve student learning. 
45. A clear understanding of how. to. integrate technology to build upon 
students' prior knowledge. 
46. A clear understanding of not just know how to operate classroom 
technologies, but of the knowledge needed to incorporate technology into 
my particular content area or grade level. 
47. A strong technological pedagogical content knowledge (TPACK). This 
knowledge that includes knowledge of pedagogy integrated with what I 
know about of my subject area combined with an understanding of how 
technology can be used to support my teaching and learning objectives and 
content goals. 
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Appendix Til. Expert Review of PT-TP ACK Survey 
Expert Review ofPT-TPACK Survey 
Thank you for taking the time complete this survey and share your thoughts .. 
Reviewer:-----------------
Instructions 
Please read each item carefully and then rate each using the scale below with respect to 
the con.struct ofTPACK. 
1. Rate the relevance of the item with respect to TPACK. 
2. Rate the clarity of the item. 
3. Rate the conciseness of the item. 
4. Provide any additional comments regarding the item. 






1. A clear understanding of 
what is meant by the term 
pedagogy, or the strategies 
and methods of teaching and 
learning, including 
designing instruction and 
assessing student learning. 
2. The practices, strategies, 
and methods of teaching and 
learning I will use as a 
teacher. 
3. A clear understanding of the 















4. The skills to think and work Relevance Comments 
on the pedagogy appropriate 
to the grade/subject area in Clarity 
which I plan to teach. 
Conciseness 
5. The concepts and skills I Relevance Comments 
will need in assessing and 
evaluating student learning. Clarity 
Conciseness 
. 
6. The concepts and skills Relevance Comments 
necessary to motivate 
students. Clarity 
Conciseness 
7. A clear knowledge of Relevance Comments 
computer hardware and 
software Clarity 
Conciseness 
8. The knowledge and skills to Relevance Comments 
troubleshoot when 
technology problems arise. Clarity 
Conciseness 
9. The skills to apply Relevance Comments 
technology to my everyday 
life. Clarity 
Conciseness 
10. The understanding needed to Relevance Comments 
recognize when technology 
may support and improve Clarity 
everyday life and when it 
may not? Conciseness 
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11. The skills and understanding Relevance Comments 
to recognize situations 
where technology can be Clarity 
beneficial to achieving an 
objective. Conciseness 
' 
12. The skills and understanding Relevance Comments 
to recognize situations 
where technology can be Clarity 
detrimental to achieving an 
objective. Conciseness 
13. A comprehensive Relevance Comments 
understanding of the subject 
matter I will need as a Clarity 
teacher. 
Conciseness 
14. A clear understanding of Relevance Comments 
how knowledge in my 
subject area is organized. Clarity 
Conciseness 
15. Knowledge of common Relevance Comments 
misconceptions in my 
subject area, and how they Clarity 
may be reversed through 
teaching? Conciseness 
16. The skills and concepts Relevance Comments 
needed to explain to my 
students why a concept in Clarity 
my subject area is worth 
knowing. Conciseness 
17. The connections between Relevance Comments 
the different domains in my 
subject area. Clarity 
Conciseness 
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18. The skills and practices I Relevance Comments 
will need to continue 
updating and improving my Clarity 
own understanding of the 
subject area. Conciseness 
19. A clear understanding of Relevance Comments 
how course content and 
pedagogy influence one Clarity 
another. 
Conciseness 
20. The understanding required Relevance Comments 
to anticipate and address 
students' preconceptions and Clarity 
misconceptions. 
Conciseness 
21. A clear understanding of Relevance Comments 
what makes a certain topic 
or concept easy or difficult Clarity 
to learn. 
Conciseness 
22. The strategies and methods I Relevance Comments 
will need when helping 
students reorganize their Clarity 
understanding of a topic. 
Conciseness 
23. The skills and practices Relevance Comments 
needed to provide multiple 
representations of content in Clarity 
the form of analogies, 
examples, demonstrations, Conciseness 
and classroom activities. 
24. The strategies and methods I Relevance Comments 
will need to adapt material 
to students' abilities, prior Clarity 
knowledge, preconceptions, 
and misconceptions. Conciseness 
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25. A clear understanding of Relevance Comments 
how teaching and learning 
changes when particular Clarity 
technologies are used. 
Conciseness 
26. A clear u!lderstanding of Relevance Comments 
how technology can be 
integrated into teaching and Clarity 
learning in order to achieve 
specific pedagogical goals Conciseness 
and objectives. 
27. A clear understanding of Relevance Comments 
how to be creative with my 
use of technology to support Clarity 
teaching and learning. 
Conciseness 
28. A clear understanding of the Relevance Comments 
need to be flexible with my 
use of technology to support Clarity 
teaching and learning. 
Conciseness 
29. The skills and understanding Relevance Comments 
needed to reconfigure 
technology and apply it to Clarity 
meet my needs as teacher 
and my students needs as Conciseness 
learners. 
30. A clear understanding of Relevance Comments 
how technology can be used 




31. The skills and practices to Relevance Comments 
select and integrate 
technological tools Clarity 
appropriate for use in 
specific content areas. Conciseness 
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32. A clear understanding that Relevance ___ Comments 
the choice of technologies 
affords and constrains the Clarity 
types of content ideas that 
can be taught. Conciseness 
33. A clear understanding that Relevance Comments 
some content decisions can 
limit the types of technology Clarity 
that can be integrated into 
teaching and learning. Conciseness 
34. An awareness of how Relevance Comments 
technology can be used to 
provide multiple and varied Clarity 
representations of the same 
content (for example, using Conciseness 
web-based resources, audio 
resources like pod casts, and 
digital video and multimedia 
presentations to teach the 
same content). 
35. A comprehensive Relevance Comments 
understanding of which 
specific technologies are Clarity 
best suited for addressing 
particular learning Conciseness 
objectives. 
36. The skills and practices Relevance Comments 
needed to be flexible when 
addressing specific learning Clarity 
objectives with technology. 
Conciseness 
37. The capability to Relevance Comments 
concurrently consider 
subject matter, teaching Clarity 
strategies, and knowledge of 
how technology can be used Conciseness 
to increase opportunities for 
interaction with ideas. 
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38. Many different opportunities Relevance Comments 
to teach with technology. 
Clarity 
Conciseness 
39. A clear knowledge of Relevance Comments 
appropriate instructional 
strategies compatible with Clarity 
the implementation of 
technology-enhanced Conciseness 
learning activities. 
40. The ability to determine why Relevance Comments 
a technology resource may 
fit with one learning Clarity 
situation, and not for 
another. Conciseness 
41. The skills necessary to Relevance Comments 
flexibly incorporate new 
resources into knowledge of Clarity 
my discipline in ways that 
enhance learning, Conciseness 
42. A comprehensive Relevance Comments 
understanding that 
technology can be used to Clarity 
represent content in a variety 
of formats and provide Conciseness 
greater access to ideas. 
43. Developed pedagogical Relevance Comments 
techniques that use 
technology to teach content Clarity 
and provide opportunities 
for learners to interact with Conciseness 
ideas. 
44. A clear understanding of Relevance Comments 
what makes certain concepts 
difficult to learn for students Clarity 
and how technology can be 
used to leverage that Conciseness 
knowledge and improve 
student learning. 
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45. A clear understanding of Relevance Comments 
how to integrate technology 
to build upon students' prior Clarity 
knowledge. 
Conciseness 
46. A clear understanding of not Relevance Comments 
just know how to operate 
classroom technologies, but Clarity 
of the knowledge needed to 
incorporate technology into Conciseness 
my particular content area or 
grade level. 
47. A strong technological Relevance Comments 
pedagogical content 
knowledge (TPACK). This Clarity 
knowledge that includes 
knowledge of pedagogy Conciseness 
integrated with what I know 
about of my subject area 
combined with an 
understanding of how 
technology can be used to 
support my teaching and 
learning objectives and 
content goals. 
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Appendix IV. Pilot Study 
Technological Pedagogical Content Knowledge in Pre-service Teacher Education 
Thank you for taking the time complete this survey and share your thoughts. The 
following items are part of a larger survey being developed to measure perceptions of and 
experiences with technological pedagogical content knowledge (TPACK) in pre-service 
teachers. 
Please begin by answering a few questions about yourself that will help us better 
understand the survey results. 
Please choose the age range in which 





e. Prefer Not Answer 
What is your expected graduation date 
(Month/Year)? 




d. Prefer Not Answer 
Are you enrolled in a: 
------------~'-----------
a. Elementary education teacher preparation program 
b. Middle school teacher preparation program 
c. Secondary education teacher preparation program 
d. K -12 Broadfield 
e. Not decided yet 
f. Other (please specify): 
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Are you currently taking a course in educational technology? 
A general methods course? Yes No 
If you answered "No", have you taken a course in 
educational technology in the past? Yes No 




If yes, what type of field experience was it? (Check all that apply) 
a. Observation only 
b. Pre-practicum 
c. Student Teaching 
d. Other (please specify): 
Survey Instructions 
Technology is a wide-ranging term that can mean different things to different people. For 
the purpose of this study, technology is used to refer to digital tools and resources such as 
computers, the Internet, podcasts, blogs, interactive whiteboards, educational software, 
iPods and other handheld devices. 
Please read each item carefully and then rate to what extent you agree with the statement 
using the scale below. If you are uncertain of or neutral about your choice, you may 
always select "Neither Agree or Disagree". Each statement will be about your teacher 
preparation program and how it has prepared or is preparing you. 
Using the following scale, to what extent do you agree with the statement below? 






My teacher preparation education prepared me with: 
1. An understanding of pedagogy, or teaching methods (e.g., designing instruction, 
--- assessing students' learning). 
2. Knowledge of the practices, strategies, and methods ofteaching I will use as a 
--- teacher. 
3. The knowledge and skills I will need in assessing student learning. 
---
4. The concepts and skills necessary to motivate students to learn. 
---
5. Knowledge of hardware, software, and technologies that I might use for teaching. 
---
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6. The knowledge and skills to troubleshoot when technology problems arise. 
---
7. The knowledge and skills to use technology to my everyday life. 
---
8. The understanding needed to recognize that technology may support and improve 
--- everyday life and that it may not. 
9. The skills and understanding to decide where technology can be beneficial to 
--- achieving an objective. 
10. The skills and understanding to decide where technology can be detrimental to 
achieving an objective. 
11. A comprehensive understanding of the subject matter I will need to teach. 
12. An understanding of how knowledge in my discipline is organized. 
13. Knowledge of preconceptions and misconceptions in my subject area, and how 
they can be addressed instructionally. 
14. The skills and concepts needed to explain to my students why a concept in my 
subject area is worth knowing. 
15. The connections between the different topics in my subject area. 
16. The professional disposition for continuing to update my own understanding of 
the subject area. 
17. An understanding that there is a relationship between content and the teaching 
--- methods I use in the classroom. 
---
18. The knowledge, skills, and ability to anticipate students' preconceptions and 
misconceptions. 
19. The knowledge, skills, and ability to address students' preconceptions and 
misconceptions. 
20. An understanding of what topics or concepts are easy or difficult to learn. 
21. The skills and methods needed to provide multiple representations of content in 
--- the form of analogies, examples, demonstrations, and classroom activities. 
22. The strategies I will need to adapt material to students' abilities, prior 
--- knowledge, preconceptions, and misconceptions. 
23. An understanding ofhow teaching and learning change when particular 
--- technologies are used. 
24. An understanding of how technology can be integrated into teaching and 
--- learning in order to help students achieve specific pedagogical goals and objectives. 
25. An understanding of how to adapt technologies to better support teaching and 
--- learning. 
26. An understanding ofhow to be flexible with my use of technology to support 
--- teaching and learning. 
27. The skills and understanding needed to reconfigure technology and apply it to 
--- meet instructional needs. 
28. An understanding that in certain situations technology can be used to improve 
student learning. 
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29. The knowledge, skills, and practices to select and integrate technological tools 
--- appropriate for use in specific content areas. 
30. An understanding how the choice of technologies allows and limits the types of 
--- content ideas that can be taught. 
31. An understanding how some content decisions can limit the types oftechnology 
--- that can be integrated into teaching and le~rning. 
32. An awareness of how different technologies can be used to provide multiple and 
--- varied representations of the same content. 
33. Knowledge of specific technologies that are best suited for addressing learning 
--- objectives in your discipline. 
34. An understanding that I need to be flexible when using technology for 
--- instructional purposes. 
35. The knowledge of how to effectively integrate educational technologies to 
--- increase student opportunities for intera¢tion with ideas. 
36. Many different opportunities to tea~h specific subject matter topics with 
--- technology. 
37. Knowledge of appropriate instructio_nal strategies to teach specific subject matter 
--- topics with technology. 
38. The ability to determine when a technology resource may fit with one learning 
--- situation in your discipline, and not for. another. 
39. The knowledge and skills necessary to flexibly incorporate new tools and 
--- resources into content and my teaching -methods to enhance learning, 
40. An understanding of how digital technologies can be used to represent content in 
--- a variety of format. 
41. Teaching methods that use technology to teach content and provide opportunities 
--- for learners to interact with ideas. 
42. An understanding of what makes certain concepts difficult to learn for students 
___ and how technology can be used to leverage that knowledge to improve student 
'learning. 
43. An understanding ofhow to integrate technology to build upon students' prior 
--- knowledge of subject matter topics. 
44. An understanding of not just know how to operate classroom technologies, but 
___ of the knowledge needed to incorporate technologies into my particular content area 
or grade level to enhance student learning. 
45. Strong technological pedagogical content knowledge (TPACK). This knowledge 
___ includes knowledge of how to integrate the use of educational technologies 
effectively into cun-iculum-based learning. 
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Appendix V. Final PT-TPACK Survey 
Technological Pedagogical Content Knowledge in Pre-service Teacher Education 
Thank you for taking the time complete this survey and share your thoughts. The 
following items are part of a larger survey being developed to measure perceptions of and 
experiences with technological pedagogical content knowledge (TPACK) in pre-service 
teachers. 
Please begin by answering a few questions about yourself that will help us better 
understand the survey results. 
Please choose the age range in which 




1. Over 36 
____ J. Prefer Not Answer 
What is your expected graduation date 
(MonthlY ear)? 




h. Prefer Not Answer 
Are you enrolled in a: 
---------~'-----------
g. Elementary education teacher preparation program 
h. Middle school teacher preparation program 
i. Secondary education teacher preparation program 
___ J. K-12 Broadfield 
k. Not decided yet 
1. Other (please specify): 
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Are you currently taking a course in educational technology? 
A general methods course? 
If you answered 11No 11 , have you taken a course in 
educational technology in the past? 
Yes 
Yes 




If yes, what type of field experience was it? (Check all that apply) 
e. Observation only 
f. Pre-practicum 
g. Student Teaching 




Technology is a wide-ranging term that can mean different things to different people. For 
the purpose of this study, technology is used to refer to digital tools and resources such as 
computers, the Internet, podcasts, blogs, interactive whiteboards, educational software, 
iPods and other handheld devices. 
Please read each item carefully and then rate to what extent you agree with the statement 
using the scale below. If you are uncertain of or neutral about your choice, you may 
always select 11Neither Agree or Disagree11 • Each statement will be about your teacher 
preparation program and how it has prepared or is preparing you. 
Using the following scale, to what extent do you agree with the statement below? 






My teacher preparation education prepared me with: 
1. An understanding ofpedagogy, or teaching methods (e.g., designing 
--- instruction, assessing students' learning).(PK) 
2. Knowledge of the practices, strategies, and methods of teaching I will use as a 
-- teacher.(PK) 
3. The knowledge and skills I will need in assessing student learning.(PK) 
---
4. The concepts and skills necessary to motivate students to learn.(PK) 
---




6. The knowledge and skills to use technology to my everyday life.(TK) 
---
7. The understanding needed to recognize that technology may support and 
--- improve everyday life and that it may not.(TK) 
8. The skills and understanding to decide where technology can be beneficial to 
--- achieving an objective.(TK) 
9. The skills and understanding to decide where technology can be detrimental to 
--- achieving an objective.(TK) 
10. A comprehensive understanding of the subject matter I will need to 
-- teach.(CK) 
11. An understanding of how knowledge in my discipline is organized.(CK) 
12. Knowledge of preconceptions and misconceptions in my subject area, and 
--- how they can be addressed instructionally.(CK) 
13. An understanding that there is a relationship between content and the 
--- teaching methods I use in the classroom.(PCK) 
14. The skills and methods needed to provide multiple representations of content 
--- in the form of analogies, examples, demonstrations, and classroom 
activities.(PCK) 
15. The strategies I will need to adapt material to students_ abilities, prior 
--- knowledge, preconceptions, and misconceptions.(PCK) 
16. An understanding of how teaching and learning change when particular 
technologies are used.(TPK) 
17. An understanding of how technology can be integrated into teaching and 
___ learning in order to help students achieve specific pedagogical goals and 
objectives.(TPK) 
18. An understanding of how to adapt technologies to better support teaching and 
learning.(TPK) 
19. The skills and understanding needed to reconfigure technology and apply it 
to meet instructional needs.(TPK) 
20. An understanding that in certain situations technology can be used to 
--- improve student learning.(TPK) 
21. The knowledge ofhow to effectively integrate educational technologies to 
--- increase student opportunities for interaction with ideas.(TPACK) 
22. The knowledge and skills necessary to flexibly incorporate new tools and 
--- resources into content and my teaching methods to enhance learning,(TP ACK) 
23. Teaching methods that use technology to teach content and provide 
--- opportunities for learners to interact with ideas.(TPACK) 
24. An understanding of what makes certain concepts difficult to learn for 
___ students and how technology can be used to leverage that knowledge to improve 
student learning.(TP ACK) 
25. An understanding of how to integrate technology to build upon students_ 
--- prior knowledge of subject matter topics.(TPACK) 
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26. An understanding of not just know how to operate classroom technologies, 
___ but of the knowledge needed to incorporate technologies into my particular 
content area or grade level to enhance student learning.(TP ACK) 
27. Strong technological pedagogical content knowledge (TPACK). This 
___ knowledge includes knowledge of how to integrate the use of educational 
technologies effectively into curriculum-based learning.(TP ACK) 
Ill 
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